LANEX ff 


Planetary Sciences and Exploration Programme 
Volume -2, Issue-3 JULY 2012 é 


Editor’s Desk 
Reader’s Column 
News Highlights 
Flash News 


Meteorite Research in India 
S.V.S. Murty, Physical Research Laboratory, Ahmedabad 


ARTICLES 


PLANEX funded projects: An Opportunity to Endeavour Planetary Exhilaration 
A Manual prediction of Planetary positions in the Sky 
Tanmay Singal, Instt. of Mathematical Sci., Chennai and A.K. Singal, PRL, Ahmedabad 


Katol Meteorite Shower 
R.R. Mahajan and S.V.S. Murty, Physical Research Laboratory, Ahmedabad 


Modern day Data Centers 
D.V. Subedhar, Ahmedabad 


Venus Transit: A Rare Astronomical Event 
S. Naik and N.M. Ashok, Physical Research Laboratory, Ahmedabad 


Mission Story 
ADITYA-1 
Mission Updates 
Events 
Special Section- List of recent publications from PRL Planetary Sciences Group 


Announcements and Opportunities 


Advisor: Associate Editors: 
Prof. S.V.S.Murty Neeraj Srivastava Durga Prasad Karanam 


Co-ordinator, PLANEX Nigwinore Amit Basu Sarbadhikari 


Aditya Bhattacharya Office: 
Rishitosh Kumar Sinha Nambiar K. Rajagopalan 
Bhumi Shah 


COVER PAGE 

The front page mosaic depicts two recent events — Katol Meteorite Shower (Top Panel) and Venus transit 
(Bottom Panel). 

Top Panel: One of the largest pieces of the Meteorite with a metal blob visible on the top (Centre). Clockwise 
from left: Another interesting piece of the meteorite; crater made by the piece shown at centre and the person who 
saw it falling in front of him; discussion of Physical Research Laboratory (PRL) team with the local people 
regarding the meteorite fall and recovery; searches by PRL team in the field and the excitement of finding a piece; 
a hole (shown by an arrow) in the tin shed made by a piece of the meteorite. Bottom Panel: Sequence of Venus 
Transit across the solar disk as observed by solar flare telescope at PRL, Thaltej (Centre); Anti-clockwise from 
left: Venus transit event public outreach activity at PRL, Thaltej Campus. 


As we commemorate the decadal of PLANEX 
programme, our planet witnessed a rare and an 
extraordinary astronomical event, the transit of Venus — 
the planet of love, across the disc of the sun. This once- 
in-a-lifetime opportunity was shared across the world. 
PRL was in no way behind in gearing up for this 
rendezvous and adequate arrangements were made for 
telescopic viewing and scientific explanations to the 
general public. The present issue joins in the celebrations 
by furnishing a detailed coverage of the event along with 
articles highlighting the significance of this astronomical 
event and manual prediction of planetary positions for 
amateurs and enthusiasts. 


Recently, in another remarkable celestial event, Katol 
district in Maharashtra, observed a spectacular meteorite 
shower. Scientists from PRL, Ahmedabad conducted a 
campaign to collect these valuable samples. The issue 
narrates the Katol meteorite hunt undertaken by PRL to 
increase awareness about the nuances of these precious 
rocks. A lead article on meteorite research in India by 
Prof. S.V.S. Murty, PRL, emphasizes on streamlining the 
existing policies for meteorite collection and preservation 
in the country to maximize the scientific gains. 


Data archiving from planetary missions is an integral part 
of exploration program. The details that go into 
establishing a data center are expounded in an 
informative article. Once again, an initiative towards 
selecting, allocating funds and supervising adequate 
project proposals from academic and research institutes 
across the country underlines the agenda of PLANEX 
program of PRL to promote planetary sciences research 
in the country. The issue highlights the scope of this 
opportunity, summarizes outcomes till date and provides 
guidelines to the interested community. 


Regular columns such as News highlights, Flash News, 
Mission Updates and Announcements and Opportunities 
continue to update the readers with developments and 
prospects in Planetary Sci. and Exp. Also, we keep on 
adorning our decadal volume by discussing the 
contributions of our ancient astronomers and 
mathematicians, spotlighting the work of Bhaskaracharya 
in this issue. 


Before I sign off, I would like to thank Dr. Nandita 
Srivastava and her colleagues from USO, PRL, for 
providing useful inputs to Aditya-1, the Mission Story in 


this periodical. 
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Once again Happy Reading © 
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thanks to the PLANEX team for bringing out such a 
treasure trove of information, and keeping us up to date 
on the latest trends and developments in planetary 
research. I am sure this publication would continue to 
enlighten and inspire young scientists for years to come. 


George basil 
Centre for atmospheric sciences, ITT Delhi 
Delhi 


focus of the PLANEX newsletter is very attractive 
and informative too. It’s updated with intense and real 
time research in planetary sciences. I think it can be a 
new gateway to people like me who are limited to 
terrestrial remote sensing. Columns like “Recent 
Geological Activities on the Moon” are really interesting 
and_ this kind of approaches will aid to perform a 
comparative morphological study related to the Earth. I 
would suggest updating it with different tectonic and 
morphological activities of various planets. I hope, surely 
it will bring a new era in planetary sciences 


Anupam Ghosh 

Technical Associates- 

Remote Sensing Unit Forest Survey of India (EZ) 
Kolkata 


after going through all the issues, I must admit it's 
awesome and I must appreciate it. I can say it has 
complete information about application of remote 
sensing techniques in space and also about the modern 
techniques. I found it very informative 


Mintu Medhi 
SRM University 
Chennai 


I found the Newsletter highly informative. The 'News 
Highlight’ section is very useful as it gives 
updated information of planetary sciences, and motivate 
to read further. The simple and clear language is also 
well understandable. I appreciate the initiative of the e- 
newsletter and thank you to circulate it in time 


Paromita Bose 

National Disaster Management Authority 
NDMA Bhawan,A-1, Safdarjung Enclave 
New Delhi 
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Planetary Differentiation: Earlier than Thought 


Recent radioactive studies have revealed that planetary 
silicate mantle differentiation events in our solar system 
have evolved much earlier than presently thought. Using 
'Sm/'*’Sm a-activity and atom ratios the half-life of 
'4Sm is determined to be 68+7 (16) million years, than 
the currently used much longer half life value of 103+5 


million years. '*°Sm is a p-process nuclide which serves 


as a precise chronometer for 
geophysical measurements. This 
indicates the higher abundance of '*°Sm in the early solar 
system than it was previously estimated. Due to 


astrophysical and 
new calculation 


cumulative effect of new '*°Sm half life and initial 
('*°Sm/'“Sm)o values a new decay curve is constructed 
for the Sm-Nd isotope systematic. This new decay curve 
fits the terrestrial rocks from the Earth, Moon and Mars 
with much younger age than earlier recorded. Except few 
terrestrial samples with events < 50 Ma, the revised time 
values are 20-80 Ma earlier for different terrestrial, lunar 
and Martian rocks. 


Source: http://www.sciencemag.org/content/335/6076/1614 


Messenger, Decoding the Secret of Mercury 
Mission Extended: Orbit Lowered 


MESSENGER (MErcury Surface, Space Environment, 
GEochemistry, and Ranging) spacecraft has lowered its 
orbit around Mercury in an extended mission, starting 
from April 2012. The orbiting time in the new orbit is 8 
hours, compared to the 11.6 hours in the higher one. 
Elevation of the spacecraft will vary between 172 to 6409 
miles with reference to the conjugate Mercury surface. 
Goals of this mission is to provide continuous image data 
of the innermost planet, tracing the planet’s geology, 
evolutionary history, reconstructing the planet's recent 
terrain changes, and probing its thin atmosphere and 
magnetosphere. 


Mercury's Magnetosphere 


Six different sets of magnetic field measurements were 
made by the orbiter from the Mercury’s magnetopause, 
the boundary which separates the planets magnetosphere 
with solar wind plasma. The driving mechanism of 
Mercury's magnetosphere is large-amplitude Kelvin- 
Helmholtz (KH) instability, which can develop at the 
boundary between the relatively dense and fast-streaming 
solar wind and the more rarefied magnetosphere of the 
planet. Initial-stage observations were made by bringing 
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Mercury at the side of Earth, Venus and Saturn for the 
KH waves. The sawtooth wave signatures associated 
with nonlinear KH vortices at magnetopause were useful 
to identify 

these waves. 

The 
observed on 
Mercury has 


waves 


an average 
period of 10- 
20 seconds, 
>5 times 
lower than 
that on the terrestrial planets. The sawtooth oscillations 
of the magnetic field associated with the KH instability 
have peak-to-peak amplitude of 100 nT, which is 2-3 
times larger than those seen on the Earth. 


Fig. 1: Mercury’s magnetosphere. 


Bizarre Discovery 


Planets Earth and Mercury have one thing in common - 
they are the only magnetized planets in the solar system. 
The MESSENGER spacecraft is designed to answer 
many of the thoughts for our small planetary cousin. 
Manifestation of crustal changes over time in terms of 
tectonic activity and volcanism can provide clues about a 
planet's detailed evolutionary history. Mercury has less 
variation in its topography compared to Mars and the 
Moon. Its mountains are relatively less elevated, and 
basins and ravines are proportionally shallower. Radio 
tracking system of the MESSENGER has modeled 
Mercury’s gravity field. It has found a region of uplift, 
‘Caloris basin’, which was pushed up by tectonic forces 
above the elevation of its surroundings, similar to 
plateaus on the Earth. Additionally, some lowlands show 
signs of flooding by very high-temperature lava during 
the planet's early history. Mercury has a solid crust 
floating on top of a plastic silicate mantle (the source of 
tectonic activity on Earth), and a core that may resemble 
Earth's, in having a molten outer layer surrounding a 
solid inner core. Surprisingly, MESSENGER found that 
there appears to be another solid layer outside the molten 
core, probably composed of iron and silicon. This type of 
internal shell doesn't appear to be present in any other 
planet in our Solar System. The new data from 
MESSENGER shows Mercury to be a strange world, 
similar to the other terrestrial planets in some respects yet 
having features not present on any of the others. As 


Messenger continues to orbit, a lot more remains to be 
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explored and understood towards Mercury’s evolutionary 
history and structure. 


Source: 

http://www.spaceflightnow.com/news/n1204/2 |messenger/ 
http://www.agu.org/journals/ja/ja1204/2011JA017268/ 
http://www.sciencemag.org/content/336/6078/214 


Signs of Volcanism in the Tycho Crater of Moon 

About thirty percent of the lunar mantle surrounding the 
Moon’s core is molten. According to a simulation based 
study, Moon's magma is very rich in titanium, which 


makes it way too heavy to flow into the surface. 


However, the expectations from the distant future say 
that the cooler and therefore solidifying melt will change 
in composition, likely making it less dense than its 
surroundings. This lighter magma could make its way 
again up to the surface forming an active volcano on the 
Moon. This study demonstrates one such recent volcanic 
activity in the Tycho crater of Moon, indicating 
morphological and mineralogical signs of Mooncanoes. 
The study shows various morphological features 
associated with volcanism in the form of volcanic vents, 
domes, clasts, impact melt lava ponds showing distinct 
cooling cracks, and flow patterns on and around the 
Pia —_ © central peak of Tycho 
crater. Mineralogical 
analysis of M° data 
suggest that the 
central peak is highly 
heterogeneous and 
dominated by high 
Ca-pyroxene rich 
an rocks. Origin of high 
Fig. 2: Tycho crater of Moon oo : Benen? Cee 
lithologies is inferred 
to be plutonic. The location of this young (~110 Ma) 
Tycho crater is far away from the basaltic mare regions. 
Presence of mafic ejecta cover from this crater 
significantly points towards the possibility of excavation 
of a plutonic body during the cratering event. The 
findings from this study have important implications 
towards understanding the evolution of central peaks. 
Further, this study brings out the opportunity to establish 
an insight towards the volcanic activity on the Moon’s 
surface. 


Source: http://cs-test.ias.ac.in/cs/Volumes/102/07/1041.pdf 
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News from the Red Planet 


Drenched History of Early Mars 
After seven years of its journey Mars Exploration Rover 
Opportunity’s present destination is the rim of Endeavour 
crater, named Cape York (Noachian-aged; >3.6 Ga). 
From the southern point of Cape York, Opportunity has 
traversed ~851 m before stopping at Greely Haven, at the 
northern end of Cape York. The rocks are brecciated, 
with dark, relatively smooth angular clasts up to ~10 cm 
in size embedded in a brighter, fractured, fine-grained 
matrix. It is interpreted that all of these rocks formed 
during the Endeavour impact. On the basis of 
measurement made by APXS, the elemental composition 
is consistent to be the surficial material of the crust. The 
texture of these rocks is similar to the typical texture of 
suevite breccias common in impact settings on Earth and 
the Moon. Surficial suevite is suggested to be deposited 
late in the impact process, either via fallout from a 
gaseous ejecta plume or as a surface-hugging flow. 
Along the western margin of Cape York, several cross- 
cutting structures are observed, in the inner portion of 
which the in-filled sediments are dominated by materials 
shed from Cape York breccias. These materials are 
gypsum precipitated from sulfate rich fluids generated 
within the nearby Noachian crust. The fluids from which 
the gypsum veins were precipitated may have been a 
contributor to the overall hydrologic budget responsible 
for formation of the Meridiani sulfate sandstones and 
hydrothermal alteration of basaltic crust to phyllosilicate. 
Sand Fluxes on 
Mars 
The high spatial 
resolution image 
of Nili_ Patera 
captured by MRO 
HiRISE reveals its 
morphology domi- 
nated by barchan 
dunes. Using 
visual comparison 
Ce of images acquired 
Fig. 3: Sand dunes at Nili Patera of ; : 
Mak at USO. aha, 
localized _ ripple 
migration has been identified in the region. The motion 
or ripples from the temporal images is up to 4.5 m, 
thereby confirming high sand activity. It is found that 


ripple migration occurs 
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across the entire dune field, and increases with elevation 
along the stoss slopes. As dunes become more sheltered 
towards the southwest, ripple displacement generally 
decreases, consistent with active, northeasterly winds. 
The repetition sand flux is then estimated by multiplying 
the ripples’ migration rate by their average height, h,, 


estimated to be 20466 cm. These ripple migration rates 
were then compared with terrestrial dunes. It shows that 
the Nili migration rates are about 1—2 order of magnitude 
slower than for dunes of comparable height on Earth. The 
occurrence of such large sand fluxes, despite the limited 


winds in Mars’ low-density atmosphere is probably 
related to fundamental differences in the way how sand is 


mobilized by the wind on Mars compared to the Earth. 
The techniques reported in this study can therefore be 
applied to many dunes and other slowly changing 
features on Mars and Earth, allowing sand flux and 
landscape modification to be assessed in a variety of 
terrains, latitudes, seasons and climates. 


Source: http://www.sciencemag.org/content/336/608 1/570 
http://www.nature.com/nature/jourmal/v485/n7398/full/nature1 
1022.html 


Cassini Reveals Saturn’s Moon Phoebe “A Large 
Planetesimal” 


Information gathered by the near flyby of Cassini 
spacecraft on Saturn’s moon Phoebe in 2004 revealed 
interesting results. Geophysical evolution modeling with 
the help of Cassini data suggests that Phoebe has 
characteristics property of a planet in the outer solar 
system. Physical properties (e.g., density and shape) have 
been evaluated for the Saturn’s satellite and found to be 
entirely different from other icy bodies of this size. 
Results from the density calculation suggest that Phoebe 
was captured from proto-Kuiper belt. The other fact 
which makes Phoebe to be a planet like structure is its 
spherical shape, which is constant and in equilibrium 
with its rotation speed. This is further supported by the 
models of geophysical evolution and _ thermal 
conductivity study. Analysis suggests that the evolution 
of Phoebe was within first 3 million years of the 
formation of solar system. The consistency of Phoebe’s 
spherical shape is probably due to heat from the decay of 
*°Al. The above study also suggests that Phoebe was 
formed in the transneptunian region probably during the 
Late Heavy bombardment period. 
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Source: http://www.sciencedirect.com/science/article/pii/ 
$0019103512000413 


Bombardment from Outer Space - Lasted Longer than 
Known 

A recent study 

has found that 

the battering of 

asteroids from 

outer space has 

lasted for 

longer period of 

time than it was 

thought earlier. 

Late 

Bombardment 

(LHB) is the 

process, which was responsible for the formation of 

many young lunar basins. Similar bombardments were 


Fig. 4: Cassini Image results showing Heavy 


Phoebe’s spherical shape. 


also occurred on earth surface during the Achaean and 
early Proterozoic era. On the Earth the imprint of LHBs 
is found in the form of spherule beds, distributed 
globally. The formation of spherule bed has been found 
varying, seven beds has been reported to have formed 
between 3.23 and 3.47 Gyr ago, four between 2.49 and 
2.63 Gyr ago and one in between 1.7 and 2.1 Gyr ago. 
The recent study reports that the LHB due to the 
impactors coming from the E-belt has lasted for much 
longer time than it was previously thought. The E-belt is 
in the range of 1.7 and 2.1 AU from earth, the asteroids 
from this E-belt has produced terrestrial basins, which 
were formed 2.5 and 3.7 Gyr ago, respectively. On the 
earth surface the crater formation was of the size of 
Chicxulub-sized or even bigger than that. The above 
study clearly indicates that the showering of asteroids to 
earth lasted long for a greater period of time, which may 
be responsible for the evolution of life as this 
bombarding may have led to various chemical and 
physical changes on Earth. 

Source:- 
http://www.nature.com/nature/journal/v485/n7396/full/naturel 
0967.html 


Subsurface Ocean on Saturn’s Moon, Titan 


Titan is the only moon in the solar system with thick 
atmosphere and with standing liquid on its surface. The 
atmosphere is much denser than that of the Earth, but is 
dominated by nitrogen, similar to Earth. The surface 
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liquid though is not 
water, but methane. 
Titan has been an 
enigma and _ the 
Cassini probe has 
been providing 

some answers to 

crack the puzzle. 

The Cassini probe 
Fig. 5: Global sub-surface ocean could infer the 
of Titan presence of liquid 
water at a depth of 


100 km beneath Titan’s icy surface. The tidal forces 


exerted on Titan by Saturn have been squeezing the 


subsurface water, which in turn is affecting its gravity 
field and the orbiting Cassini probe. A JPL team has 
analysed the gravity field, inferred from the Doppler 
Effect on the radio signals beamed back to Earth from 
Cassini. The rhythmic gravity field changes could best be 
accounted for, if a ~200 km thick liquid water encircles 
Titan at about ~100 km beneath the surface. Titan now 
joins the Jupiter’s moons Europa, Ganymede, and 
Callisto that also have sub surface oceans. This finding 
opens up interesting questions about the effect of this sub 
surface ocean on surface geology, as well as creating 
prebiotic environment akin to early Earth. 
Source:http://www.sciencemag.org/content/33 6/6089/1629.su 
mmary 


Dynamic Atmosphere of Exoplanet HD189733b 


Recent observations for the exoplanet HD189733b 
during two different periods using Hubble Space 
Telescope and Space Telescope Imaging Spectrograph 
revealed for the first time that this exoplanet has temporal 
variations in its atmosphere, owing to escaping gas. This 
has been claimed by the transit observations of the 
spectrally resolved Lyman-o, line. HD189733b is a gas 
giant similar to Jupiter, but about 14% larger and more 


massive. A transit absorption depth of 14.4+3.6% has 
been observed, indicating that at least 1,000 tons of gas is 
leaving the planet's atmosphere every second while the 
hydrogen atoms were racing away at speeds greater than 
300,000 mph. This kind of high velocities requires a joint 
effect of radiation pressure along with the interaction of 
solar wind protons. 

Source: - http://arxiv.org/abs/1206.6274 
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> The Red Planet was like Earth billions of years ago 
Link: http:/Avww.huffingtonpost.com/2012/05/10/mars- 
volcano-atmosphere-water_n_1506095.html 

> Is the composition of the silicate Earth ‘Chondritic’? 
Link:http://www.nature.com/nature/journal/v483/n739 1/ab 
s/nature10901.html 
New clues of Venus evolution 
Link: http://www.spacedaily.com/reports/Venus Express _u 
nearths new clues to the planet geological history 999. 
html 
Dawn continues revealing secrets of Vesta 
Link:http://www.nasa.gov/mission_pages/dawn/news/daw 
n20120510.html 
ARTEMIS observes pickup ions from the lunar 
exosphere 
Link: http:/Avww.agu.org/pubs/crossref/pip/2012JE004107 
ESA declares end of mission for ENVISAT 
Link:http://www.esa.int/esaCP/SEMISXSWT1H _index_0. 
html 
Giant polygons and circular grabens on Mars 
Link: http://www.agu.org/pubs/crossref/pip/2011JE003934. 
shtml 
NASA's Nuclear Spectroscopic Telescope Array 
(NuSTAR) launched: 
Link:http://www.sciencedaily.com/releases/2012/06/12061 
3133216.htm 
Hubble views globular gluster M10 
Link:http://www.sciencedaily.com/releases/2012/06/12062 
5114548.htm 
Ice at Shackleton crater of lunar south pole 
Link:http://www.nature.com/nature/journal/v486/n7403/ful 
I/nature11216.html 
Cassini discovers the secret behind power source of 
Saturn's jet streams 
Link:http://www.sciencedirect.com/science/article/pii/S00 
19103512001285 
Moon jolts the sun and solar wind 
Link:http://www.nasa.gov/topics/solarsystem/features/elect 
ric-moon.html 
Glass Sand on Mars: ideal for hosting Life? : 
Link: http://www.space.com/15484-mars-volcanic-glass- 
life.html 
The SpaceX Dragon capsule completed a landmark 
mission: 
Link:http://www.nasa.gov/exploration/commercial/cargo/sp 
acexmissionoverview.html 
Deploying emerging optics technology in space 
Link:http://www.nasa.gov/topics/technology/features/kitch 
Technique for 
phyllosilicate 
Link:http://www.agu.org/pubs/crossref/pip/2011JE003985. 
shtml 


mapping Martian Fe/Mg-rich 
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Meteorite Research in India 


Introduction: 


Meteorites have been aptly described as ‘poor man’s 
space probes’. They have stored in them the past history 
of the solar system in the form of physical, chemical and 
isotopic changes and it is for us to decipher this 
information by detailed laboratory investigations. These 
priceless samples have been recognised as extraterrestrial 
in 1794 by the French lawyer Ernst Florens Friedrich 
Chaldni. Meteorites are broken pieces of asteroids, and 
are delivered to Earth free of cost by nature, as a result of 
gravitational perturbations in the interplanetary space. 


The broad objectives of the meteorite studies are to (i) 
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be obtained from the official (e.g. GSI) as well as private 
custodian (in foreign countries) to carry out scientific 
studies. During the past 40 years the world’s collection of 
meteorite (falls/finds) has increased from about 2000 to 
nearly 40000, primarily due to addition of meteorite 
“finds” through systematic search in cold (Antarctica) 
and hot desert (in Africa), enriching the types of 
meteorites (and their parent asteroids, including some 
that are fragments of the Moon and Mars) at our disposal 
for detailed laboratory investigation. An immediate 
objective, when a new meteorite has been identified, is to 
classify it properly for further detailed studies with 
deserved attention. The classification of meteorites has 
evolved over the decades to give us information about 
their formation environment (nearer or farther from Sun), 
thermal and aqueous processing and/or melting and 


decipher the chemical and isotopic composition of the chemical 
‘solar nebula’ — that differentiation of its 
evolved to form the 

parent body 
solar system objects, (asteroid), based on 
(ii) understand how the studies of their 
solar system formed chemical 
and its connection with petrological and 

i Piplia Kalan Bishunpur Sulagiri : : ; 

stellar | environment, P P ¥ isotopic systematic. 
(iii) understand the This classification 
various physico- allows us to select 


chemical processes and 
their time scales that 


have lead to the 
present state of the 
solar system, (iv) 
understand the 


evolution of terrestrial 
planets including Earth 
and (v) probe the 
origin and evolution of 
life. 

Meteorite repository and classification: 


The meteorite samples are well preserved by professional 
organisations world over. Every country has its own 
regulations and legislation that govern the ownership of a 
meteorite that is either an observed fall (seen at the time 
of fall and recovered) or a later find (not seen at the time 
of fall and collected later and confirmed to be a 
meteorite). In India the Geological Survey of India (GSI) 
is the custodian of all meteorite falls/finds in the country. 
Meteorite samples for scientific research can in principle 


Shergotty 


Figure 1: A glimpse of some of the important meteorite falls in India 


the proper meteorite 


sample that is 
pertinent to the 
specific aspect 


under investigation. 
Despite this detailed 
knowledge base, we 
still keep finding 
‘first of its kind’ 
meteorites, making 
each meteorite 
fall/find a very interesting object for detailed study. 


In India, GSI, Kolkata is the repository of all the 
meteorites that fell in India. We have an impressive 
collection of about 150 falls/finds that include some very 
precious meteorites (Tonk, Semarkona, Bishunpur, 
Chainpur, Shergotty, Piplia Kalan), and well studied and 
large falls (Dhajala, Sulagiri and ‘Katol’, the most recent 
fall of May 22, 2012, near Nagpur). 
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Nano Secondary Ion Mass 
Spectrometer (Nano SIMS) 


_ ae 
X-Ray Fluorescence 
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Noble Gas Mass Spectrometer (NGMS) 
- —— Pe 


a 


Inductively Coupled Plasma 


Spectrometer (XRB)), Mass Spectrometer (ICP-MS) 


Figure 2: State-of-the-art instruments at PRL for meteorite analysis 


Global scenario: 


Since the recognition by Suess and Urey in the 1950s that 
meteorites provide the key to infer chemical composition 
of the Sun, the focus has been on obtaining the elemental 
and isotopic composition and age of different types of 
meteorites. The advanced analytical techniques 
developed to analyse the returned Moon samples have 
been successfully employed for meteorite studies to lay a 
sound frame work of their chronology and isotopic 
systematic, using the now extinct short lived radio 
nuclides that provided new information on early solar 
system processes and time scales. The discovery of 
interstellar grains in meteorites, as a result of painstaking 
efforts to isolate the carrier phase(s) of anomalous Xenon 
isotopic abundances by the Chicago group of Ed Anders, 
in the seventies, has further expanded the scope of 
meteorite studies to probe stellar nucleosynthesis and 
solar-stellar connection. Advanced mass spectrometers 
and sample characterisation tools presently allow a 
detailed study of mineral, chemical and _ isotopic 
composition of micron sized particles of either cometary 
grains from Stardust mission, IDPs from stratosphere 


and/or in situ study of micro-phases present in thin/thick 
sections of meteorites, pushing further the frontiers in 
meteorite research. 


Indian Scenario: 


Meteorite studies in India have been initiated at two 
Institutes (TIFR, Bombay and IIT Kanpur) in late 1960s. 
The initial focus was to use meteorites as probes to 
understand Solar and Galactic Cosmic Rays, through 
studies of records of their interaction preserved in 
meteorites that were exposed to cosmic rays in 
interplanetary space for millions of years. These studies 
led to very significant results that include discovery of 
ancient solar flare records in meteorites and constancy of 
solar and galactic cosmic ray fluxes over long (million 
year) time scales. The areas of interest slowly expanded 
to chemical and isotopic investigations with the aim of 
understanding early solar system processes, including 
solar-stellar connection and the time scales of these 
processes; evolution of volatiles on terrestrial planets and 
understanding the dynamical processes involved in the 
meteorite delivery to Earth. Sophisticated analytical 
facilities like low background radiation counting 
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systems, noble gas mass spectrometers, ion and electron 
micro probes, secondary ion mass spectrometers (and 
lately Nano SIMS) have been used to characterise phases 
in sections and subject these for high spatial resolution 
isotopic analysis. Also, the process of meteorite impact 
leading to crater formation and consequent effects on the 
environment and the life therein have been addressed by 
looking at meteorite specific siderophile elements in 
impact glasses and geological boundaries. Some major 
outcome of these studies are: 1) The realization that some 
primitive meteorites host refractory oxides and silicates 
that are some of the first solids to form in the solar 
system, which has opened a new window to study the 
events and time scales leading to the origin and early 
evolution of the solar system; 2) Meticulous studies of 
isotope records in early solar system solids using 
secondary ion and noble gas mass_ spectrometry 
techniques, primarily done at the Physical Research 
Laboratory, led to the identification of fossil records of 
short-lived nuclides of stellar origin in early solar system 
solids; 3) Studies of these records provided a 
chronological framework for the origin and early 
evolution of the solar system and led to the identification 
of the short-lived nuclide 26Al as the heat source for 
early melting of planetesimals and bolstered the proposal 
for a supernova triggered origin of our solar system; 4) 
Identification of records of ancient Martian atmosphere 
in the meteorite ALH84001 has led to the understanding 
of the evolution of Mars atmosphere. 


Future Perspective: 


Planetary exploration will be a thrust area of ISRO in the 
coming decades. Meteorite studies to understand the 
solar system objects forms the back bone for providing 
the scientific basis to understand the planetary formation 
and evolution processes and persons involved in such 
studies can participate and contribute significantly 
towards India’s planetary science and exploration 
activities. In USA, Europe and Japan, most Universities 
and research institutes have research groups working on 
Meteotites and Planetary Science. In India, there are yet 
only a handful of places having interest in meteoritics. 
With a good collection of meteorites and a scope for 
further augmenting the collection, through systematic 
searches in hot (Thar) and cold (Himalayas) deserts, we 
need to take up efforts to encourage and enhance the 
community of meteoriticists in India. Though PLANEX 
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has made a beginning in this direction, a more focussed 
and intense effort is needed for nucleating additional 
groups at Universities and National Research Institutes. 
Meteoritics and Planetary Science courses have to be 
included at B.Sc and M.Sc level for Geology students to 
make it a main stream subject. The samples of meteorites 
should be made available to deserving science projects 
through a fair and systematic process of sample request 
evaluation and curation. With GSI, Kolkata being the 
sole custodian of meteorites, that fall over Indian sub- 
continent this aspect needs improvement. A meteorite 
repository has to be coupled with an active meteorite 
research group for proper utilization, maintenance and 
curation/loaning of these precious samples. With the 
possibility of sample return missions by ISRO in near 
future, it would be a worthwhile idea to establish an 
additional facility for meteorite curation along with these 
returned samples, under the aegis of ISRO that will also 
have representative samples of the GSI collection as well. 


Meteorites collected from Antarctica and the African and 
Australian deserts have yielded several new types of 
meteorites, providing an opportunity to study as yet 
unexplored solar system objects. It would be worthwhile 
to initiate meteorite searches in Thar desert and 
Himalayan cold deserts with the active involvement of 
institutes like Wadia Institute of Himalayan Geology, 
Dehradun, National Center for Antarctic and Ocean 
Research, Goa and Central Arid Zone Research Institute, 
Jodhpur etc. The topic of understanding the origin, 
evolution and extent of occurrence of life in the solar 
system is an exciting research area that is already getting 
lot of attention in the global scene. It is high time to 
focus on the study of organics in primitive meteorites and 
their relation to life. Living on this dynamic planet Earth, 
we can only hope to understand the formation and 
evolution of Earth as well as that of life on Earth through 
careful investigation of these “free space probes” which 
are the building blocks of our planet Earth. Meteorites 
still hold many secrets about our earth and other solar 
system bodies that are yet to be deciphered. 


S.V.S. Murty 
Physical Research Laboratory 
Ahmedabad 


Email: murty@prl.res.in 
Contact: +91-(0)79- 26314408 
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PLANEX FUNDED PROJECTS: An 


Opportunity to Endeavor PLANETARY 
Exhilaration 


One of the major goals of PLANEX program is to 
support and promote planetary sciences and exploration 
related research in the country. This includes conducting 
workshops and training sessions for students and 
professionals, providing discussion forum, making 
available a well equipped national facility at PRL - the 
nodal centre for planetary study, publishing PLANEX 
Newsletter quarterly and providing support to project 
proposals related to Planetary Science/Exploration from 
academic institutions and research centers across the 
country on merit. 

The thrust areas of research suited for PLANEX support 
include: 


> Modeling studies of planetary magnetospheres, 
ionospheres and atmospheres; to elucidate formation 
and evolution of planetary, asteroidal and cometary 
surfaces and interiors. 

> Analysis of remote sensing data available in public 
domain from planetary missions to Moon, Mars and 
Asteroids. 

> Ground based observation of planets, satellites, 
asteroids and comets in optical, infrared and radio 
frequencies using available telescopes. 

> Laboratory studies of astro-materials including 
samples/meteorites from Moon, Mars and Asteroids. 

> Laboratory studies (physical, chemical, optical) of 
planetary analog materials. 

> Studies of terrestrial samples/problems that have 
implication for understanding planetary processes in 
general. 


Supported Project and key findings: 


Since the inception of the PLANEX program at PRL, a 
decade ago, a total of 41 project proposals from various 
universities, IIT’s and research institutes across the 
country have received funding from PLANEX program 
for carrying out research in planetary sciences. The 
duration of the project is generally for three years. 
Among them, 23 projects have been successfully 
completed and 18 are still continuing. The status of these 
projects are described in the map and table shown below. 
Substantial advancements in the knowhow of planetary 
sciences have been made from these projects. Some of 
the selected findings/studies are: 


e The Dhala structure, north central India earlier 
called as “Mohar Cauldron” (“a crypto-volcanic 
explosion structure”) has been proved as a 
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confirmed meteoritic impact structure based on the 
presence of diagnostic shock metamorphic features. 
On Mars, 95% of the aerosols get charged during the 
day close to the surface while ~80% of the aerosols 
get charged during the night time. Further, negatively 
charged (-1 to -10) aerosols have higher 
concentration than the neutral aerosols after reaching 
the steady state during the day time since the 
electrons get attached to the aerosols during the day 
time. 

Discovery of Mg-spinel dominant lithology in the 
central peaks of Theophilus crater, Moon. 

High — pressure — temperature study, involving 
analysis of electrical resistivity and heat capacity 
behavior of geikielite (a Ti-bearing lunar analogue) 
have shown that both the natural and synthetic nano- 
crystalline samples are stable and remain electrically 
insulating up to 1000 K and that natural geikielite is 
more compressible between ambient pressure to 7.8 
GPa. 

In a study related to thermal evolution of icy 
planetesimals, it has been inferred that aqueous 
alteration models corresponding to the accretion of 
the porous bodies (with porosity ~ 55%) show 
aqueous alteration at higher temperature and slow 
cooling rates than the models corresponding to non- 
porous accretion of the planetesimals. 

First ever attempt to quantitatively model the thermal 
processing and irradiation of proto-CAIs in the early 
solar system based on X-rays flare observations of 
low-mass proto-stars. 

Development of a model to parametrically study the 
gradual movement of iron and silicate melts to 
understand the dynamics of the flows and the 
timescales involved in planetary differentiation. 
Finding morphological attributes specific to 
secondary craters on the Moon, for distinguishing 
them from primary craters. The study would be 
useful to improve the accuracy of crater-chronology 
technique popularly used to determine the surface 


age. 


146,147 142,143 
Sm- 


m Nd studies of komatiites from western 
Dharwar craton, India have indicated that possibly 
Archean depleted mantle has not been homogenous 
in space and time. 

Lunar analogue studies from  Sittampundi 
Anorthosites Complex have revealed that the 
chemistry and mineralogy of  Sittampundi 
anorthosites are correlated with the lunar 
anorthosites. Though spectral matching could also be 
done between the duo signatures from hydroxyl 
minerals in terrestrial samples complicate the 
problem. 


0 
Back to Contents 


@ Projects Completed 
* Ongoing Projects 
PLANEX funded projects at a glance 


e Analysis of Lonar crater and its terrain using 
Cartosat-1 DEM have shown that compression of 
flow structures can be taken as a parameter to 
identify impact angle. 

e Study of nature of impacts as well as impactor 
through hydrostatic pressure applied to synthesized 
minerals by Méssbauer Spectroscopy and electrical 
resistivity. 


In addition to the accomplishment of the objectives, these 
projects have also generated valuable trained human 
resource. About a dozen JRFs involved in these projects 
have obtained their PhD degrees and many of them are 
continuing to do planetary science in their current 
assignments. 


Procedure for Application: 


The proposal to be submitted should have the following 

information: 

> Title of the proposal 
Names and _ addresses 
Investigators 


> and Co- 
> Abstract of the proposal in 500 words 

> 

> 


of Principal 


Overall scientific objectives and justification 
Background of the research in the field — national as 
well as international 

Plan of work and time schedule 

Methods and techniques to be used and available 
infrastructures 


VV 
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Name of Institute Completed | Ongoing 


NIO, Goa iL 2 


NGRI, Hyderabad 2 


SAC, Ahmedabad -- 


NPL, New Delhi 


ICRS, Jodhpur 
Periyar Univ., Salem 


IIT Roorkee 


JN Vyas Univ., Jodhpur 


1 
1 
1 
Panjab Univ., Chandigarh 2 
il 
2 
il 


Univ. of Rajasthan, Jaipur 


Univ. of Pune, Pune -- 


DDU, Nadiad, Gujarat -- 


BHU, Varanasi 
Anna Univ., Chennai 1 


Rl Rt Rel Rl Rl RR] RP} Rl Re} Ry Rm] Rm] Nm] np 


Pondicherry Univ., Puducherry == 


IIT Kharagpur 


IIT Kanpur 


NRSC, Hyderabad 


3 
1 
IIT Mumbai 3 =e 
1 
1 


Allahabad, Univ., Allahabad 


> Recent five publications relevant to the proposed 
work 

> Budget break-up including amount required towards 
fellowship, equipments, consumables, components, 
travel, contingencies etc. 


The proposals received are reviewed and only the 
selected proposals are considered for financial support by 
PLANEX. For application purpose two copies of the 
proposal are to be submitted to the following address at 
any time. 


The Coordinator, PLANEX 

Physical Research Laboratory, 

Navrangpura, Ahmedabad- 380009 

Phone: (079) 26314408 (Direct)./26314358 

(079) 26314407 (Office) / Fax : (079) 26314407 
E-mail : planex@prl.res.in 


The progress of the supported projects is annually 
reviewed by the experts from various related fields. Apart 
from assessment, if needed, the review forum also 
provides scientific and technical advice to the concerned 
projects for enhancing the scope of the research. Over the 
past 5 years the number of peer reviewed publications 
coming out of these projects has been in the range of 15- 
18 per year. Several results have also been presented at 
many prestigious national and international conferences. 
To encourage participation of PLANEX Project PIs and 
associated JRFs/PDFs, PLANEX has initiated a scheme 
of partial financial support to attend conferences abroad, 
the details of which can be obtained from the PLANEX 
Office. 
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A_manual prediction of planetary positions 
in the sky 


Introduction: 

The night-sky fascinates people. To be able to locate a 
planet in the night-sky is something that thrills people. 
Since the planets move with respect to the background 
stars and continuously change their positions in the sky, 
locating them in the sky could appear to be a non-trivial 
task. It is a general notion that calculating the planetary 
positions is a very tedious task, involving a lot of 
complicated mathematical equations and computer 
programmes. However, to be able to locate planets in the 
sky one does not really need very accurate positions. 
After all, Kepler's laws, which describe planetary orbits 
reasonably well, are mathematically simple. Hence, one 
could use Kepler's laws to predict planetary positions in 
which mutual influence of planets is not considered. 
Thereby an accuracy of <1° in planetary positions would 
be achieved. 


Here we utilize a very simple method to calculate the 
positions of the planets. The technique we use enables us 
to calculate planetary positions to an accuracy of <1° for 
+50 years from the starting epoch. Moreover, this 
involves very simple calculations and can be done using 
a calculator. All we need are the initial specifications of 
planetary orbital elements for some standard epoch and 
their time periods of revolution. Although accurate 
planetary positions could be obtained easily from the 
internet, yet it is very instructive and much more 
satisfying to be able to calculate these ourselves, starting 
from basic principles and using a simple procedure. 

Our first step would be to calculate the positions of all 
the planets (including Earth) in their orbits around the 
Sun. We initially consider the planets to revolve around 
the Sun in uniform circular motions. Knowing their 
original positions for the starting epoch, we calculate 
their approximate positions for the intended epoch. As a 
consequence of this approximation there will be an error 
since the actual orbits are elliptical. To get more accurate 
positions, we apply some corrections which account for 
their elliptical motions. 

Knowing the positions of the planets around the Sun, we 
can then use simple coordinate geometry to transform 


their position with respect to an observer on Earth. Our 
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task becomes simple since the orbits of all planets more 
or less lie in the same plane, viz. the ecliptic plane. 

Here, we calculate the motion of naked—eye planets only, 
although the procedure could be applied equally well for 
the remaining planets also. 


Celestial Coordinates: 

All celestial bodies in the sky, including stars, planets, 
Sun, Moon and other objects, appear to lie on the surface 
of a giant sphere called the Celestial Sphere. Due to 
Earth's eastward rotation around its axis, the celestial 
sphere appears to rotate westward around Earth in 24 
hours. Infinitely extending the plane of Earth's equator 
into space it appears to intersect the celestial sphere to 
form a circle, which is called the Celestial Equator. 

As Earth moves around the Sun — as seen from the Earth 
— the Sun changes its position with respect to the 
background stars. The path that the Sun takes on the 
celestial sphere is called the “Ecliptic". The familiar 
Zodiac constellations are just divisions of the ecliptic into 
twelve parts. Since all other planets revolve around Sun 
in nearly the same plane, they also appear to move on the 
ecliptic. 


The celestial equator is inclined to the ecliptic by 23.5°. 
The points of intersections of these two circles on the 
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Figure 1: Celestial Sphere 
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celestial sphere are called the “Vernal Equinox" and the 
“Autumnal Equinox". The Vernal Equinox, also known 
as the Spring Equinox, is the point on the celestial sphere 
that the Sun passes through around 21st of March every 
year. 


In astronomy, an epoch is a moment in time for which 
celestial coordinates or orbital elements are specified, 
while a celestial coordinate system is for mapping 
positions in the sky. There are different celestial 
coordinate systems each using a different coordinate grid 
projected on the celestial sphere. The coordinate systems 
differ only in their choice of the fundamental plane, 
which divides the sky into two equal hemispheres along a 
great circle. Each coordinate system is named for its 
choice of fundamental plane. 


The ecliptic coordinate system is a coordinate system that 
uses the ecliptic for its fundamental plane. The 
longitudinal angle is called the ecliptic longitude or 
celestial longitude (denoted 1), measured eastwards from 
0° to 360° from the vernal equinox. The latitudinal angle 
is called the ecliptic latitude or celestial latitude (denoted 
B), measured positive toward the north. This coordinate 
system is particularly useful for charting solar system 
objects. 

The Earth’s axis of rotation precesses around the ecliptic 
axis with a time period of about 25800 years. Due to this, 
the equinoxes shift westwards on the ecliptic. Due to the 
westward shift of the Vernal Equinox, which is the origin 
of the ecliptic coordinate system, the ecliptic longitude of 
the celestial bodies increases by an amount 360°/258 
~1.4° per century 


Most planets, dwarf planets, and many small solar system 
bodies have orbits with small inclinations to the ecliptic 
plane, and therefore their ecliptic latitude B is always 
small. Due of the planets' small deviation from the plane 
of the ecliptic, the ecliptic longitude may alone suffice to 
visually locate planets in the sky. 


Calculating Planetary Positions: 

Heliocentric Circular Orbit: 

Here we consider the planets to move around Sun in 
circular orbits with a uniform angular speed. The initial 


values of mean longitudes (A;) of the planets given in 
Table 1 are for 1“ of January, 2000 A.D., 00:00 UT. In 
Table 1, we have also listed the period, T (days), of 
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revolution of the planets. Then, the mean angular speed 
is given by, @ = 360/T (°/day). We denote the Mean 


Table 1: Mean Longitude 4) on 01/01/2007 00:00 UT from the 


initial value i; 


T Xr iN Error 
Planet | A; (°) (days) | () day) () he (°) (°) 
Mercury | 250.2 87.969 4.09235 | 274.3 | 268.7 +5.6 
Venus 181.2 | 224.701 1.60213 317.8 317.8 0.0 
Earth 100.0 | 365.256 | 0.98561 100.2 100.2 0.0 
Mars 355.2 | 686.980 | 0.52403 | 255.1 244.5 +10.6 
Jupiter 34.3 4332.59 | 0.08309 | 246.8 242.6 +4,2 
Saturn 50.1 10759.2 | 0.03346 | 135.7 140.2 4.5 


Longitude of the planet in the imaginary circular orbit for 
subsequent dates as Ao, 

We now demonstrate how to calculate Ao for Mars on 1* 
of January 2007. 

Ao of Mars on 01.01.2000 at 00:00 UT = 355.2 

No. of days b/w 01.01.2000 and 01.01.2007 = 2557 days 

Mean angle traversed duration this period = 0.52403 * 2557= 
1339.9° 

So, Ao on 01.01.07 at 00:00 UT = 1339.9° + 355.2 = 255.1°, 
where we have taken out the integer number of complete 
orbits. 


In the same way, mean longitudes of all planets have 
been calculated in Table 1 for the same epoch. For a 
comparison, we have listed the actual longitude values 
(A.) from Indian Ephemeris for that epoch. Here we see, 
from the differences in the last column, that one needs to 
correct for the elliptical shape of the orbits, at least for 
some of the planets. 


Heliocentric Elliptical Orbit: 

Before we make corrections for the elliptical shape of the 
orbit we need to know the orientation of the ellipse 
within the ecliptic and that can be defined by the 
longitude of the perihelion which is the point on the 
elliptical orbit closest to the Sun. Longitudinal distance 
of the planet from the perihelion along the elliptical orbit 
is known as its Anomaly (denoted by @), while angular 
distance of mean position of planet with respect to the 
perihelion is called the Mean Anomaly (denoted by 9). 
As has been discussed elsewhere’, there is a one-to-one 
correspondence between 9 and 00, and from which we 


find that the correction 49 to be added to Oo is, 
AO = 2esin 8, + =e" sin 20, 
where e is the eccentricity of the ellipse. 
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Let’s consider Mercury on 01/01/07 at 00:00 UT. 

Mean longitude, Ay = 274.3° 

Perihelion Longitude, i, = 77.5° 

Mean anomaly, 09 = Ap — Ap = 196.8° 

1* order correction, 2e sin®y = 2 x 0.2056 x sin (196.8°) = — 
0.11851 rad =—6.8° 

2™ order correction, 5/4 e” sin20) = 1.25 x (0.2056)* x sin 
(33.6) = 0.0294 rad = 1.7° 


AO — (1“ order correction) + (2™ order correction) = —6.8° + 
1,7° =—5.1° 


Anomaly 0 = 804 AO = 196.8° —5.1° = 191.7° 
Precession of vernal equinox in 7 yrs = 360/25800 x 7° =0.1° 


K= Ao + AO + precession of vernal equinox = 274.3° — 5.1° + 


Table 2: Corrected Longitude ) at 01/01/07 00:00 UT 
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As an example, this procedure is demonstrated for 
Mercury’s position on 01/01/07 at 00:00 UT. 


Heliocentric Coordinates 
Distance 7 of Mercury from Sun can be obtained from its 
anomaly @ as, 


BE cos 
r 


where / = a (1— e”) is the semi—latus rectum with a as the 
semi-major axis of its elliptical orbit. From a = 0.387 
A.U. and 0 = 191.7°, we get r= 0.464 A.U. 

Thus, we get heliocentric polar coordinates of Mercury as 
(r, 4) = (0.464 A.U., 269.3°). 


Then we can get heliocentric 


Planet Ao (°) | Ap) | Ao (°) e AOB(°*) | ©) | A (°) | A) | Error (°) | rectangular coordinates of 
Mercury | 2743 | 77.5 | 196.8 | 0.2056 | -5.1 | 191.7 | 269.3 | 268.7 +0.6 Mercury as, 
Tanti [1002/1025 |-3573-corer | 01] 3572 |-100.>| 0 a 

ar 4 < : ; . é ‘ ‘ 5 O 
Mars 255.1 | 336.1 | 279.0 | 0.0934 | 10.7 | 208.3 | 2445 | 244.5 0.0 ee es U. 
Jupiter 246.8 | 14.3 | 2323 | 0.0485 ] 4.2 | 228.2 | 242.6 | 242.6 0.0 
Saturn 135.7 | 93.1 | 42.6 | 0.0555] 45 | 47.1 | 1403 | 1402 +0.1 Similarly we get heliocentric 
0.10° = 269.3°. rectangular coordinates of Earth 

as, 

We can obtain corrections for the elliptical orbits of the Y,=—0.174 A.U. 
remaining planets in the same way. In Table 2, we have y,= 0.968 A.U. 


listed values of the longitude of perihelion (A,) and 
Also tabulated are the 
calculated anomaly (9) and longitude (A). 


eccentricity (e) for all planets. 


From Table 2, we see that the errors now are indeed 
smaller than 1°. 


Geocentric Perspective: 

Until now, we have calculated the longitudes 4 of the 
planets on the celestial sphere centred on the Sun. We 
can also calculate radii r of their orbits around the sun, 
giving their positions in polar form (7, A). To get the 
positions of planets on the celestial sphere centred on the 
Earth, we convert the polar coordinates into rectangular 
form and after shifting the origin from Sun to Earth, we 
change them back into polar form. 

For converting into a rectangular form, we have to decide 
upon the direction of the X and Y axes. We assume X to 
be in the positive direction along the line joining the Sun 
to the Vernal Equinox, and Y to be perpendicular to X in 
the ecliptic plane in such a way that the longitude is a 
positive angle. 


Geocentric Coordinates: 

Geocentric rectangular coordinates of Mercury then are, 
X = X,—Xy= 0.168 A.U. 

Y = Ya— Yo =—1.432 A.U. 

Converting these into polar form, we get the geocentric 
distance and longitude as, 

ry= V(X + Y) = 1.442 ALU. 

Ag = tan’'(Y/X) = 276.7°. 

We give the calculated geocentric longitudes A, on 
01.01.07 at 00:00 UT. Comparing with the geocentric 
longitudes from ephemeris Age , it can be seen that the 
errors are much less than 1°. In the Earth/Sun row in 
Table 3, 7, , Le and ee are the geocentric values for the 
Sun's position. The position of Sun on the celestial 
sphere, as seen from Earth, is in a direction exactly 
opposite to that of Earth as seen from the Sun. Therefore 
the geocentric longitude of Sun is the heliocentric 
longitude of Earth plus 180°. 
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We have ignored any perturbations on the motion of a 
planet due to the effect of other planets which may distort 
its elliptical path. We are able to get the accuracy of <1° 
for long periods (+50 years) because most of the terms 


ignored in the heliocentric longitude calculations are 
periodic in nature and do not grow indefinitely with time. 


Table 3: Geocentric Longitude 4, on 01/01/07 00:00 UT 
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about half a dozen stars in the Zodiac with an apparent 
brilliance comparable to the naked—eye planets, therefore 
with some familiarity of the night-sky, one could locate 
the planets easily from their geocentric longitude values. 
It further helps to remember that unlike stars, the planets, 
because of their large angular sizes, do not twinkle. 


For a more precise location of a planet 


a r , Ig 4 Nee | Error : : 
Planet (A.U,) e (AU) Xd (°) (AU) re) °) (°) ne can calculate its relative angular 
Mercury | 0.387 | 0.2056 | 0.464 | 26093 | 1.44 | 276.7 | 2765 | 02 | distance from the Sun along the 
Venus 0.723 | 0.0068 | 0.728 | 317.8 | 1.62 | 296.1 | 296.1 | 0.0 | ecliptic. 
Earth/Sun 1.00 0.0167 0.983 100.2 | 0.983 | 280.2 | 280.2 0.0 The difference between the geocentric 
Mars 1.52 0.0934 1.51 244.5 2.38 258.4 258.4 0.0 positions of a planet and Sun (Table 4) 
Jupiter 5.20 0.0485 5.36 242.6 6.17 248.2 248.2 0.0 ‘ llediart | zi € th 
Saturn | 9.54 | 0.0555 | 9.17 | 1403 | 8.45 | 144.6 | 1445 | 01 | 18 called the elongation (y) of the 


The other parameters characterizing the elliptical orbit, 
like the longitude of the perihelion, semi—major axis and 
eccentricity etc. change so slowly with time that for the 
accuracy we are interested in these can be considered 


constant for +50 years. 


Locating Planets in the Sky: 

Now that we have calculated the geocentric longitudes of 
the planets, we are in a position to locate them in the sky. 
Anyone familiar with the Zodiac constellations could 
locate a planet from its position in the constellation in 
which it lies. The ecliptic is divided into 12 Zodiac signs 
— Aries, Taurus, Gemini, Cancer, Leo, Virgo, Libra, 


planet and it tells us about planet's 
position in the sky with respect to that of the Sun. The 
longitude increases eastwards, therefore, if the longitude 
of the planet is greater than that of the Sun, then the 
planet lies to the east of the Sun. That means, in the 
moming the Sun will rise before the planet but in the 
evening the planet will be setting after the Sun. So the 
planet will be visible in the evening sky in the west. On 
the other hand, if the geocentric longitude of the planet is 
smaller than that of the Sun, it will rise before the Sun 
and will be visible in the morning in the eastern sky. 


Table 4: Elongation wy of each planet on 01/01/2007 


Scorpio, Sagittarius, Capricorn, Aquarius, Setting 
Pisces. The Vernal equinox, at zero ecliptic 1 vw) Rising Time vO Time 
g . 
longitude, is the start of the first Zodiac sign ae (°) i ral at 17:30 IST After 
and is also known as the First Point of Aries. Sunset 
But there is a caveat attached. Because of the une ane = a z ie 
precession the vernal equinox has shifted pees | 270-7 aS pee — 7 a 
; 296.1 15. : "04" 
westward by almost the full width of a Moke z Be or are 
: : ; M 258.4 21.8 i =Ul, = 
constellation in the last ~ 2000 years since a 
: : : Jupiter | 248.2 32.0 2°08" —32.4 = 
when the Zodiac signs and constellation were — 
Saturn 144.6 —135.6 9°02 —136.2 - 


perhaps first identified. As a consequence, the 
First Point of Aries now lies in the constellation Pisces. 
For example, on 01/01/2007 geocentric longitude 276.7° 
of Mercury implies it is in the 10th Zodiac sign 
Capricorn, but actually it lies in the Sagittarius 
constellation, taking into account the shift by one 
constellation due to precession. There are further 
complications. The twelve constellations are not all of 
equal length of arc along the ecliptic longitude. Moreover 


there is another constellation, viz. Ophiuchus, through 


which the ecliptic passes. However these complications 
are somewhat set aside by the fact that there are only 


In Table 4, positions of planets with respect to Sun on 
01.01.07 are given for 00:00 UT, which corresponds to 
05:30 IST (Indian Standard Time). For example, the 
geocentric longitude of Mars with respect to Sun is 258.4 
— 280.2 = —21.8°. Thus Mars has a western elongation ~ 
22° on 01.01.07, 05:30 IST. 


As Earth completes a rotation in 24 hours, the westward 


motion of the sky is at a rate 15° per hour. This rate is 
strictly true for the celestial equator, but we can use this 
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as an approximate rotation rate even for the ecliptic, 
which is inclined at a 23.5° to the equator. Therefore 
Mars will rise 22° /15 ~ one and half hour before the Sun. 
We have also tabulated elongations of the planets for the 
same date but at 17:30 IST. Note that this corresponds to 
12:00 UT and there is a change in the elongation values 
during this half a day due to shifts in the geocentric 
longitudes of the planets and the sun. Venus with an 
eastern elongation ~16° on that evening, will be setting a 
little more than an hour after the sunset. This way, one 
can easily locate the planets in the sky from their 
elongations. 


The Astronomical Calendar: 

In all the examples presented above, the calculations 
were done manually, at most using a scientific calculator. 
This procedure is appropriate for quickly getting some 
occasional planetary positions while locating these 
objects in the sky. However if one wants to do many 
computations, say calculate positions for all planets for 
each day of the year, the process becomes tedious and the 
chances of a numerical mistake occurring in manual 
calculations become high. Since the process of 
computing planetary positions is a repetitive one, it could 
then be much more convenient to write a simple 
computer programme using the algorithm described 
above to carry out the calculations. We have written such 
a programme to compute positions of all the planets for 
each day of a specified year and present the results in the 
form of an astronomical calendar which gives 
elongations of different planets for all days of that 


particular year. 


The calendar allows us to locate the naked—eye planets in 
the sky for any time of the corresponding year. The 
horizontal axis displays the elongation in hours (one hour 
corresponds to 15°) and is centred around the Sun, which 
by definition has a zero elongation. The vertical axis 
marks the day of the year. Thus to locate a planet on any 
given date of the year, we select that date on the vertical 
axis and then move in a horizontal direction till we find 
the planet. From the elongation of the planet we can 
easily locate it in the sky. We can use the calendar to find 
which all planets are above the horizon at any time of the 


day. Suppose for a given date of the year we want to 
locate all planets visible in the sky at, say, dawn. The 
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Figure 2: A schematic representation of the elongations of 
planets at the times of sunrise and sunset on Ist January, 2007 


Sun, at 0" elongation, will at that time be just rising near 
the eastern horizon and the —12" elongation point in the 
calendar will be near the western horizon. The 
intermediate elongation points will be at in-between 
positions on the celestial hemisphere, e.g., the —6" 
elongation point will be close to the culmination point 
(the point nearest to the zenith). This way going along 
the horizontal direction from 0" to —12" at the chosen 
date, we will find the celestial position of all planets 
visible in the morning sky on that date. At dusk, with sun 
setting near the western horizon, the visible sky will 
stretch eastward from 0" to 12" elongation on the 
calendar. Similarly one can locate planets on the celestial 
sphere at other hours of the time. At midnight, with 
culmination point being at 12" (which is the same as 
—12"), the sky toward west will stretch from 12" to 6" and 
that toward east will be from —12" to —6" elongation, 
while at 9 p.m., with the culmination point at 9", the 
celestial hemisphere will stretch west to east between 3" 
and —9" elongations. 

Conclusions: 

It is a general notion that calculation of position of 
planets in the night sky is a difficult job, which can be 
accomplished only by complex scientific computations, 
using fast computers. Here we have tried to bring out the 
fact that such complex and accurate computations are not 
always really necessary. One can calculate the position of 
planets using the method derived here and get the thrill of 
finding the planet at the predicted position in the night 
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Figure 3: Astronomical calendar for locating planets in the sky 
for the year 2012. 
We have been able to manually obtain the position of 
planets within an accuracy of < 1°, at most using a 
calculator. This method can be used to reckon planetary 


positions up to £50 years of the starting epoch. 
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Katol Meteorite Shower 


Meteorites are the remnants of the solar system objects. 
Their study provides us insight into the formation and 
evolution processes of their parent bodies and of the solar 
system. The world collection of meteorites is close to 
40000 individual falls and finds (see Box 1 for fall, find 
definition and Table 1 for distribution on the Earth). 
After falling on the Earth, the meteorite gets exposed to 
weathering processes that may alter its original 
characteristics partially. Hence, it is very important to 
recover the meteorite pieces from the field immediately 
after its fall. A fresh meteorite fall is always an 
important new addition to enhance our knowledge and is 


well sought after by planetary scientists. 


On May 22, 2012, at 14:10 hrs., IST, a large meteorite 
shower occurred at Katol [ Lat. 21° 15.781’, Long. 78° 
35.284’], near Nagpur. This is the 20" meteorite fall in 
India in last two decades. A meteorite fall is a spectacular 
light and sound show in the sky and one should be 
fortunate enough to witness a fall event. The citizens of 
Katol town and surrounding villages were a lucky few to 
experience a meteorite fall, though most were frightened 
by the thunderous sound on a bright sunny afternoon. 
Due to the bright sun, the light show was missed, but the 
sound had created fear and initial rumors predicted crash 
of an aircraft. Only next day, when the fragments were 
recovered and examined, it was realized that meteorite 
fall has taken place in the locality. A team from PRL 
(Dr. Anil Shukla, Geo-Sciences Division and the authors) 
visited Katol to recover samples from the meteorite 
shower and to document the event though the eye 
witnesses. 

Discussions were 
held = with 
the scientists from 
GSI, Nagpur who 
had collected the 
first fragments 
from the 
villagers. Here, we 
provide the eye 


also 


local 


A fully fusion crusted fragment of 


witness account of —_Katol as found in an agriculture field 


the event and also 
try to convey the excitement of a meteorite search 
campaign. A detailed scientific investigation is in 
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progress at PRL to classify this meteorite and also to 
imply the scientific importance of this meteorite. 


Eye witness details: We visited the region during May 
30-31, 2012, exactly a week after the meteorite fall. 
There has been no rain since the event and hence the 
original fall 
conditions were 
intact. Firstly, it was 
important to identify 
the area over which 
the meteorite 
fragments would 
have fallen or talk to 
the people who have 
collected the 
samples. During our 
journey from Nagpur 
to Katol, between 
Kalameshwar to Katol, we interviewed many people on 
the way at different small villages / settlements around 


Meteorite fragment 
fail wcovered at this place 


the road. Many people heard the thunderous sound which 
lasted for around 30 to 50 seconds. But they could not 
give any substantiate clue about the meteorite trajectory. 
By chance, we met a security guard, whose friend has 
met an eye witness to the fall of a fragment. This lucky 
lead resulted in all the subsequent events being smooth 
and put us in direct touch with some witnesses. 


1. At Katol, first we met Mr. N. R. Charde at 
Lakhmi Nagar who witnessed the falland visited the site 
where the meteorite fell. The meteorite fragment weigh 
around 673 gm and is biggest reported so far. The 
meteorite fell just in-front of his house in the city and 
made a pit on the ground. The pit 
is 4 cm deep and has a diameter 
of about 6 cm.. The shape of the 
pit ravealed that the impact was 
oblique. The angle of impact 
could be between 30 to 70 
degrees and the fall was from east 
to west direction. Mr. Charde 
heard the sound during the 
meteorite fall, but could not see 
the light. Immediately after the 
fall he recovered the fragment, and deposited the same 
with a local reporter for handing over to the authorities. 
The meteorite piece eventually reached GSI, Nagpur. 
This big fragment had one broken side and was mostly 
covered with fusion crust. A spherical object of about a 
cm , most likely a metal blob could be easily seen on the 


Further search at 
the site 
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Bee. “Shae 

Mr. G. Alamadhi showing 

the place where meteorite 
hit the ground. 


Mr. C. A. Kachua and Mr. 
B. M. Bagale showing the 
place where the meteorite 
fragment hit the ground. 


broken surface. The broken fragment of this big piece is 


not yet recovered. We searched for more fragments at 


this location but none were found . 
ea We visited another site, an agriculture field 


belonging to Mr. D. Savarkar. A worker in this 
agriculture field, Mr. G. Alamadhi heard the sound 
during the fall of the meteorite. As per his notice, 


Authors with the first fragment of found meteorite 


one fragment fell on the field which he collected 
[Lat. 21° 14.879’, Long 78° 34.1307] and transferred 
to local journalist. The other fragment hit the 
electrical cables passing over the agriculture field 
but could not be recovered. We also searched for 
more fragments at this place but since it was a 
ploughed agriculture field we could not succeed. 


« 


| 


ra 


ee 


Owner of the shed Mr The meteorite 
J. Shaik who collected excavated the brick 
the fragment. from the ground. 


One of the mete- 
orite pieces pier- 
ced the tin shed 
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3. We also visited another site where 
the meteorite made a hole through a tin roof 
and then excavated one brick from the 
ground. This looks awesome suggesting high 
energy for the meteoritic impact . 

4. Mr.. B. M. Bagale, the gardener of 
the local school found a meteorite fragment 
a day after the fall, behind the school while 
working on the ground. He narrated that the 
particular rock fragment looked different 
than whatever he saw so far and hence felt 
curious about it. He handed over the rock 
[meteorite] fragment to the school guard Mr. C. A. 
Kachua. He broke the fragment into several pieces 
and distributed among local residents and kept two 
pieces weighing few grams with himself. After 
examining his two fragments we recognised them as 
genuine meteorite fragments. This was the first 
samples that we could receive. 


Google map showing the town and 
the places from where Katol 
meteorite fragments were collected 


Table 1. Meteorites fall and find distribution on Earth 


Finds 
Region Number 
Hot desert 8032 
Cold desert 27604 
Continents | 2809 
- Total 38445 
Falls 
Region Number 
Continents 1100 
Total [Finds + Falls] 39545 


We searched several areas around the school 
premises where Mr. B. M. Bagale found a fragment 
and were successful in locating few more 
fragments. We gave the basic information related to 
meteorite identification to whomsoever we met 
during our field search. Since this fall was during 
the summer season, the outside temperature was as 
high as 48°C. Therefore, we could only visit the 
field during the morning time and stayed in the city 


in the afternoon to interview more eyewitnesses and 
gather maximum information about this event. We 
also visited GSI, Nagpur to examine the fragments 
collected by them and to discuss their field 
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Figure 1. Longitude and latitude distr- 
ibution of collected fragments of Katol 
meteorite 


experiences. GSI, Nagpur loaned us a sample for 
non-destructive analysis of cosmogenic 
radionuclides. 


Since, the meteorite shower took place in a varied land 
cover with city dwellings, railway tracks, roads, 
agriculture field and barren land with several obstacles, 
it was difficult to scan through the entire region.for 
recovering the meteorite fragments. Our interactions with 
many residents of the region revealed that almost each 
household found a fragment, which were either handed 
over to the local authorities or to search teams possibly 
from cities like Hyderabad, Pune, Mumbai and Delhi, but 
their affiliations are not known. From the number density 
of fragments inferred within this small location that we 
scouted, we infer that the total mass could be quite 
substantial. No chondrules are seen in preliminary 
investigation of this meteorite. The recovered fragments 
are white to gray-white in the interior region. The 
fusion crust looks black, brownish-black with oily 
shining. It has tiny shining metal grains spread all over 
the meteorite surface. Detailed scientific investigations 
are in progress at PRL, Ahmedabad. The proposed name 
and the classification of a this new meteorite is to be 
submitted to an international Nomenclature Committee 
of “The Meteoritical Society” for acceptance (see box 2). 


For all the team members, who were the first timers on a 
meteorite hunt, it was an exciting experience to actually 
find a fragment of the meteorite in the field. 


We thank several local residents of Katol, local news 
paper reporters, VSPM School authorities, local DSP and 
particularly, Mr. Nilesh Kerade, for their help, during the 
meteorite search. 
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Box 1. Fall and Find definition for meteorites 
Fall: A meteorite that has been actually seen to fall 


and collected is called a ‘fall’. There are not many 
falls in the world collection. 
Find: A meteorite that has fallen some time ago, but 


collected subsequently is called a ‘find’. The world 


collection is mostly dominated by finds. 


Box 2. Meteorite naming procedure 
A new meteorite is named after a nearby 
geographical locality. Every effort is made to avoid 
unnecessary duplication or ambiguity and to select a 
permanent feature such as a town, river, cape, 
mountain, or island which appears on widely used 
maps and is sufficiently close to the recovery site to 
convey meaningful locality information. The 
proposed name and the classification of a new 
meteorite (either fall or find) has to be submitted to an 
Committee of The 


international Nomenclature 


Meteoritical Society for acceptance and listing in the 


official publication “Meteoritical Bulletin”. 
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Modern Day Data Centers 


Information Technology (IT) operations are a crucial 
aspect of most organizational operations, either in 
business or in science research. A business or science 
research organization relies on round the clock (24 x 7 x 
365) availability of vast amount of information or data 
located at a centralized place called a Data Center. Many 
organizations send their valuable data in an encrypted 
form to a data center that is geographically far away from 
their own location for an off-site backup. One of the main 
requirements is that the data should be highly secured 
and must be available whenever required without any 
disruption. Data, today, is invariably stored on storage 
devices attached to computer servers. A data center must 
therefore keep high standards for assuring the integrity 
and functionality of its hosted computer environment.A 
data center, depending on the size of the data it houses, 
can occupy one room of a building, one or more floors, 
or an entire building. Most of the equipment in a data 
center is in the form of servers racked up into standard 
42U 19-inch rack cabinets which are usually placed in 
single rows forming corridors between them. This allows 
the maintenance staff access to the front and rear of each 
cabinet. Servers differ greatly in size of multiples of 1U. 
(Electronic Industries Alliance (EIA) defines a standard 
1U rack with 1.75 inch in height, 19” width and 40” 
depth. Consequently, a standard 42 U rack has 78.74” 
height, 19” width and 40” depth). The physical 
environment of a data center is very strictly controlled by 
the designers and organizers of the Data Center. A 
typical data center is characterized by following 
subsystems in it: 

e Precision Air conditioner- temperature and humidity 
control 
Uninterruptible Power System 
Compute and storage infrastructure 
Network infrastructure 
Fire protection system 

e Safety and security 
The details of the subsystems are given below: 
Air-conditioning system: 
Air conditioning is used to control temperature and 
Relative Humidity in the data center. American Society 
of Heating, Refrigerating and Air-Conditioning 
Engineers, Inc. (ASHRAE) recommends a temperature 
range of 20-25°C and humidity range of 40-60% as 
optimal for data center conditions. Air-conditioning in a 
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data center is invariably achieved by deploying a 
Precision Air Conditioning (PAC) unit which controls 
temperature and humidity inside the data center. Modern 
day computer servers work at very high speeds of GHz 
but are also power hungry and generate a lot of heat 
during their operation. The heat is thrown out from the 
backside of the servers which results in increasing the 
ambient temperature in the data center space. This may 
eventually cause the computers to malfunction. By 
controlling the space air temperature and humidity the 
server components at the board level are kept within 
allowable limits. Too much humidity causes 
condensation on the internal components and may cause 
damage to them. On the other hand if the atmosphere 
inside is very dry the static electricity discharge can 
cause snapping of electronic components. Hence the 
relative humidity inside a data center is usually 
maintained at 50 +/- 5 %. Even for a moderately sized 
data center Precision Air-conditioning (PAC) system 
needs an elaborate system design for stringent 
environmental control with automatic monitoring and 
control of cooling, heating, humidification, 
dehumidification and air filtration etc. The humidity 
inside the data center may get disturbed due to factors 
like infiltration (leakage of water vapor from outside 
through microscopic cracks in the walls, particularly 
during rainy season when outside humidity is very high, 
occasional opening and closing of the doors when people 
etc), 
condensation near the cooling coils of the air conditioner 
and ventilation system used in the data center for 


enter the data center buildings occasional 


supplying fresh air to the occupants etc. Outside 
temperature changes may disturb the temperature inside 
the data center if it is not adequately thermally isolated 
from the surroundings. 


Data centers typically have raised flooring made up of 60 
cm x 60 cm removable square tiles. Floor is raised by 
about 80 to 100 cm from the building floor. The void 
thus formed enables the cold air from the Precision Air- 
conditioner to circulate below the floor as part of the air- 
conditioning system as well as providing space for power 
and data/network cabling. The cold air is thrown into 
computer racks through perforated floor tiles in front of 
each rack and the hot air from the rear of the rack is 
routed back to the air conditioner through the specially 
installed ducts near the ceiling of the data center. Small 


data centers without raised flooring may use anti-static 
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tiles for a flooring surface as there is no separate path for 
circulating air. Two piece Air cooled systems are quite 
common in modern data centers wherein the evaporator 
coils and the compressor are in the indoor rack unit 
(IRU) and the condensing coil is in the outdoor unit 
(ODU) that is mounted on the roof of the building. A 
refrigerant circulates between the indoor and outdoor unit 
and causes the heat from the data center to be taken away 
to the outside environment. Modern PAC systems come 
with microprocessor control that are password protected 
and have Local Area Networking (LAN) connectivity. 
They allow remote adjustment of temperature and 
humidity set points and alarm points. A typical PAC 
system is characterized by its total cooling capacity 
expressed in kw or Ton (Tr). One Tr is equivalent to 3.5 
Kw or 12,000 BTU per hour. For a small data center a 
14.8 Ton (50 Kw) PAC is usually adequate. Precision 
air-conditioning system for a data center has to be 
designed based on monitoring the annual variation in 
temperature and humidity parameters for the 
geographical site chosen, the construction material used 
in the building of the center etc. A data center housing a 
large number of computer racks may use multiple units 
of precision air-conditioners as one unit may not be 
sufficient. The physical placement of the server racks and 
the Precision AC units in this scenario becomes very 
crucial. Airflow simulation programs (e.g. FLOVENT, 
TileFlow, TZM etc.) based on computational fluid 
dynamics (CFD) principles are used to determine the 
expected heat generation, air flow patterns, the 
temperature and pressure distribution inside the data 
center etc. As a part of the simulation, the user may 
change the layout of building or operating conditions, 
and observe the effect of changes on the airflow patterns 
and temperature distribution in the data center to 
optimize the placement of equipments in the data center 
before their actual installation. Additional PAC units may 
be installed for redundancy. 

Uninterruptible Power System (UPS): 

Backup power to the data center is catered to via an 
Uninterruptible Power Supply and/or a Diesel Generator. 
The computer racks and the precision AC units require 
substantial electrical power for their operation. For a 24 x 
7 mode operation of the data center, an Uninterruptible 
Power System (UPS) of 20K VA/40K VA/60KVA rating 
with adequate battery backup must be installed. AC 
mains electrical power to the computer racks and PACs 
in the data center is invariably supplied through 
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Figure 1: View of a data center showing rows of server 


racks and a PAC (Downloaded Royalty free image) 


Uninterruptible Power System with adequate battery 
backup capacity. As a standby, a Diesel Generator set is 
also installed at the site of the Data Center. To prevent 
single point failures, all elements of the electrical 
systems, including backup system, are typically fully 
duplicated. All the servers are connected to both the “A 
side” and “B side” power feeds. Microprocessor- 
controlled Static 
instantaneous switch over from one supply to other in the 
event of power failure. In a typical set up the UPS is 


Switches are used to. ensure 


connected between data center load (the computer 
servers, storage units and PAC units) and the electrical 
substation at the site providing 400 V- 3 phase AC mains 
power supply. The UPS provides well regulated 3 phase 
output power supply under all rated load and input 
supply conditions and offers following advantages: 

v The UPS has its own internal voltage and frequency 
regulator which ensure that its output is maintained 
within close tolerances independent of voltage and 
frequency variations on the mains power line. 

v By rectifying the AC input power to DC power, and 
then converting back to AC, any electrical noise 
present on the input mains supply line is efficiently 
isolated from the UPS output and only clean power is 
provided to the data center. 

v If the mains power fails, the UPS continues to power 
the data center from its battery resource making it 
immune to power outages. 

Microprocessor controlled UPS is invariably used in the 

data center. All set and alarm points for the UPS 


operation can be either controlled from the front panel 
and LCD monitor display of the UPS or through a LAN 
connectivity provided with it. The LAN connectivity for 
the UPS has to be configured. The UPS in the data center 
building is normally housed in a room adjacent to the 
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server room of the data center for reducing the length of 
the power cables which are routed through the false floor 
of the server room. The batteries associated with the UPS 
equipment are usually contained in the battery cabinet or 
a rack which sits alongside the main UPS equipment. 
Sealed Maintenance-Free (SMF) batteries are normally 
used. Batteries require a well ventilated, clean and dry 
environment at reasonable temperature (25 °C) to obtain 
efficient battery operation. A separate air conditioning 
unit for the UPS-battery room is always installed in a 
data center. All metal racks and cabinets for UPS and 
batteries are provided with electrical earthing and 
grounding system for the safety of operators and 
machines. An elaborate lightning protection system is 
also installed at the site of a data center. The duration of 
the estimated battery backup time requires a great 
amount of planning and consideration. Detailed history 
of the AC mains power outages at the data center site 
needs to be carefully studied for determining the same. In 
spite of a safety factor incorporated in the design, 
duration of a particular power outage at the site may 
exceed the estimated one. In that case there is a risk of 
shutdown of the data center after the batteries are 
exhausted resulting in non-availability of any data 
requested by the users. Data Center designed for very 
critical operations solve this problem by installing a 
Diesel Generator (DG) set at the site. A DG set at such a 
site has automatic transfer switch equipment (ATS) to 
automatically start the generator set on a mains power 
failure and automatically switch the load from the utility 
to generator set and back again. When a DG set is 
installed at the site as a standby for the AC mains power, 
the UPS of a very low battery backup capacity (only a 
few minutes) is needed as it powers the data center only 
for a time it takes to start the DG set after the failure of 
the AC mains supply. A redundant DG set and 
continuous supply of diesel at the site, however, becomes 
mandatory in the design. In the absence of a DG set at the 
site, a UPS of a higher battery backup capacity should be 
chosen and the operating system of the computer servers 
should have a capability of safe shutdown mechanism by 
continuously monitoring the alarm signals from the UPS 
that are generated when electrical charge left on the 
battery bank falls below a threshold level. 


Compute and storage infrastructure: 
The servers in a data center are networked with each 
other via high speed (10 Gb Ethernet interface) network 
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switches to enhance the speed and performance of the 
data center. Optionally, 40Gb Infiniband Netwok may be 
used for this purose. Servers may have multiple I/O cards 
to connect to multiple networks in the data center. Data 
center has a separate Storage Area Network (SAN) 
depending on application needs. SAN is primarily used 
to make storage devices such as disk arrays and tape 
libraries accessible to servers so that these appear locally 
attached to the operating system on the cluster of servers 
formed. 


Network infrastructure: 

Data stored at a data center is accessed from the outside 
world through computer networks running the Internet 
Protocol (IP) suite eliminating the need for a data user to 
physically enter in to the data center for accessing any 
data. Data centers contain a set of routers and switches 
that transport traffic between the servers and outside 
world. Redundancy in the high speed internet connection 
is provided by two or more service providers. A few 
servers in the data center are used for running basic 
Internet and intranet services needed by internal users in 
the organization, e.g. e-mail servers, proxy servers and 
DNS servers. Network security elements like firewalls, 
VPN gateways, intrusion detection systems etc are also 
usually deployed. Web Site Analytics package like 
LiveStats web reporting software is made available at the 
data center site to provide up to the minute information 
on site traffic, search engine references, files accessed 
and more. It displays the users currently browsing the 
web site. Statistics for the historical data provides the 
info on the health of the data center. 

Fire Protection Systems (Fire detection and 
suppression): 

Smoke detectors are usually installed to provide early 
warming of a developing fire by detecting particles 
generated by smoldering components prior to the 
development of a flame. This allows investigation, 
interruption of power, and manual fire suppression using 
handheld fire extinguishers before the fire grows to a 
large size. A fire sprinkler system is often provided to 
control a full scale fire if it develops. Passive fire 


protection elements include installation of fire walls 
around the data center. 

Safety and security system: 

Physical access to the site is usually restricted to selected 
personnel particularly if the data center houses sensitive 
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information. Entry to a data center is always through an 
access control system employing RFID and/or biometric 
card systems. Intrusion detection alarm systems are 
deployed at the site. CCTV camera surveillance with 
digital archive is made available at the site. 


The data center building is made with a cement concrete 
structure without any windows to protect it from the heat 
and dust from the surroundings. A data center storing 
sensitive data is usually run in a clandestine manner 
without the general public knowing about it. Normally a 
data center is located at a geographically stable site 
characterized by fairly low occurrences of natural 
disasters like earthquakes, floods, and forest fires etc. 
A Green Data Center : Latest trend all over the world is 
to make Green Data Centers wherein the lighting, 
electrical, computer and networking systems are designed 
for maximum energy efficiency and minimum 
environmental impact. The construction and operation of 
a green data center includes advanced technologies, 
materials and strategies. 
Data Centers in India: In India many private players 
like Reliance, Tata Communications, ESDS, NetMagic 
and many others have established their own data centers 
in IT cities like Bangalore, Hyderabad, Pune, Mumbai, 
Delhi, Chennai and Kolkata. Indian Space Research 
Organization (ISRO) has established their own data 
center at Bangalore for the payload data archives of 
Indian Space Science Missions. 
Data Center at PRL: The Space Research activities of 
PRL encompass planetary and lunar science, astronomy 
and astrophysics and solar and space plasma physics. The 
data center proposed to be constructed at Thalte] Campus 
of PRL will be useful for archiving and dissemination of 
the payload data and related ancillary data of the 
upcoming space science missions to the user community. 
Further Reading: 
[1] Data Center, http://en.wikipedia.org/wiki/Data_ center 
[2] J. Fink, Data Center Humidification Strategies, AN#128, APC 
[3] Tony Evans,White Paper #59, American Power Conversion 
(APC) 
[4] Technical Brochure, Flomerics, USA 
[5] Technical Brochure, Libert (Emerson), USA 
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Venus Transit: A rare astronomical event 


Venus transit occurs when the planet Venus travels across 
the disc of the Sun. From Earth, the transit appears as a 
small black dot moving on the surface of Sun. Transits of 
planets whose orbits are inside the orbit of Earth (e.g. 
Mercury and Venus) are only visible to the observers 
from Earth. Planetary transits are far rare compared to the 
eclipses of the Sun by the Moon which is essentially 
transit of the Moon across the disc of the Sun. 


On an average, there are 13 transits of Mercury in each 
century. Venus transits, however, are among the rarest of 
predictable astronomical phenomena. It occurs in a 
pattern that repeats every 243 years, with pairs of transits 
eight years apart separated by gaps of 121.5 years and 
105.5 years. The reason behind this gap of more than a 
century is the inclination of ~3.4 degree between the 
orbital planes of Venus and Earth. During the transit 
Venus is seen as big as a large sunspot on the disc of the 
Sun. 


We know that the size and mass of Venus are comparable 
to that of the Earth. Earth rotates on its own axis in about 
24 hours where as Venus rotates in the reverse direction 
(retrograde rotation) in 243 days. Orbital period of 
Venus around Sun is 224.701 days so that a Venus year is 
less than one Venus day. Combination of these two 
periods results in the Sun appearing from West and 
disappearing over East within a day-night cycle of 117 
days. Orbital periods of Venus and Earth around Sun are 
224.7 and 365.25 days. Assuming circular orbits and 


Figure 1. Paper plate representation of orbital planes 
of Venus and Earth 


same orbital plane, Venus passes Earth after 2.6 laps 
corresponding to 1.6 years. As the orbit of Venus is 
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inclined to that of the Earth by ~3.4 degree, we do not 
see Venus transits every 1.6 years. Only when the Sun, 
Venus, and Earth are in a straight line, we see Venus 
transit. The rest of the time when Venus passes in front of 
the Sun, it is either above or below the Sun as seen from 
the Earth and as shown in Figure 1. Transits of Venus are 
only possible during early December and early June 
when Venus’s orbital nodes (the two intersecting points 
with the Earth’s orbital plane) pass across the Sun. 


Synodic period for Venus (period between successive 
appearances of Venus at the same point relative to the 
Sun as seen from the Earth) is 583.924 days. This implies 
5 synodic periods of Venus (2919.62 d) corresponds to ~8 
Earth orbital periods (~8 years - 2922.05 d) or 13 orbital 
periods of Venus (2921.11 d). This explains the 8 year 
interval between one pair of the transits of Venus. During 
the transit, Venus is seen as a small black dot moving 
slowly in an East-to-West direction across the disc of 
Sun. The latest transit of the planet began on 6 June 
2012 at 03:39 IST and got over on 6 June 2012 at 10:23 


Table 1. Dates of Venus Transit. 
Dec 07 A. Node 
Dee 04 4 ey; 2117 Dec 11 A. Node 
June 06 fem) 2125 Dec 08 A. Node 
Sl) 2255 JuneO9 D. Node 
2360 Dec 13 A. Node 


2368 Dec 10 A. Node 


IST, with mid-transit taking place on 6 June at 07:01 IST 
(Table 1). The total transit duration was about 6 hours 40 
minutes. The next Venus transit will be visible on 10-11 
December 2117. Because Venus is seen against the solar 
disk, the transit can be viewed from anywhere on the 
Earth where the Sun is above the horizon at the time of 
the event. 


1631 
1639 
1761 
1769 


1874 = 09 A. No 


1882 Dec 06 A. No 


A Brief History of Venus Transit 


Jeremiah Horrocks was the first human to witness Venus 
transit across the disc of the Sun on 4 December 1639 
from his home at Carr House in Much Hoole, near 
Preston in England. Earlier to this first observation of 
Venus transit , Johannes Kepler discovered the three 
important laws of planetary motion and published the 
Rudolphine Tables listing the positions of the planets in 


September 1627. During his laborious manual 
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calculations, he predicted that Venus would pass across 
the disc of the Sun in December 1631. Subsequently, he 
alerted observers on the Venus transit of 1631 as well as a 
second transit to take place in 1700's. However, the 
December 1631 transit was missed by observers from 
Europe. In analyzing his own observations, Jeremiah 
Horrocks was convinced that the available tables for 
planetary positions were not entirely correct. Instead of 
attempting to correct Kepler's tables, he tried to gather 
new observational data. From his new data and own 
calculations, he was able to predict an additional transit 
of Venus to occur on 4th December 1639, 8 years after 
the one in December 1631 and much earlier than the 
second transit to take place in 1761 predicted by Kepler. 
In fact, the transit did occur on 4th December 1639 and 
Jeremiah Horrocks could observe the transit of Venus 
across Sun. In his own words, "Anxiously intent 
therefore on the undertaking through the greater part of 
the 23", and the whole of the oe I omitted no available 
opportunity of observing her ingress. I watched carefully 
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and following days. This evidently had nothing to do with 
Venus. About fifteen minutes past three in the afternoon, 
when I was again at liberty to continue my labors, the 
clouds, as if by divine interposition, were entirely 
dispersed, and I was once more invited to the grateful 
task of repeating my observations. I then beheld a most 
agreeable spectacle, the object of my sanguine wishes, a 
spot of unusual magnitude and of a perfectly circular 
shape, which had already fully entered upon the sun's 
disc on the left, so that the limbs of the Sun and Venus 
precisely coincided, forming an angle of contact. Not 
doubting that this was really the shadow of the planet, I 
immediately applied myself sedulously to observe it". 


In his calculations, Kepler had actually missed a second 
Venus transit which occurred 8 years after the predicted 
one. Unfortunately, Kepler was not alive to witness the 
transit of Venus in 1639. He passed away in 1630. 
Jeremiah Horrocks was the first person ever to record the 


phenomenon of Venus transit that occurred in 1639. 


Lea tT E ys Coreen se 
BRLCHC> Cot UCM mauris Co 


Figure 2. World-wide visibility of Venus transit on 5-6 June 2012. Image credit: Michael Zeiler, eclmaps.commaps.com 


on the 24" from sunrise to nine o'clock, and from a little 
before ten until noon, and at one in the afternoon, being 
called away in the intervals by business of the highest 
importance, which, for these ornamental pursuits I could 
not with propriety neglect. But during all this time I saw 
nothing in the sun except a small and common spot, 
consisting as it were of three points at a distance from the 
center towards the left, which I noticed on the preceding 


However, he could not work further on his discovery as 
he died of unknown causes two years later aged only 22. 
After his death, another British astronomer Sir Edmond 
Halley came forward to work on the phenomenon of 
Venus transit. In 1716, Sir Edmund Halley (1656-1742) 
proposed observations of Venus transit to estimate the 
value of the astronomical unit (the distance from Sun to 
Earth). By observing the apparent shift in position of 
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Venus against the disc of the Sun as seen from two 
different places on Earth, one can derive the distance to 
Venus which in turn gives the Sun-Earth distance (by 
using Kepler’s law). In his article titled "A new Method 
of determining the Parallax of the Sun, or Distance from 
the Earth", he wrote “We therefore recommend again and 
again, to the curious investigators of the stars to whom, 
when our lives are over, these observations are entrusted, 
that they, mindful of our advice, apply themselves to the 
undertaking of these observations vigorously. And for 
them we desire and pray for all good luck, especially that 
they be not deprived of this coveted spectacle by the 
unfortunate obscuration of cloudy heavens, and that the 
immensities of the celestial spheres, compelled to more 
precise boundaries, may at last yield to their glory and 
eternal fame." 

Venus transit on 5 June 1761 was observed from over 
100 stations all over the world. During this observation, 
the curious “Black Drop Effect” was discovered by the 
Russian astronomer Mikhail V. Lomososov (1711-1765). 
Instead of the black disk of Venus sliding into the Sun's 
bright edge, it actually grew a beautiful halo of light all 
around its dark edge. The halo lasted only a few minutes 
and then vanished. He figured out that this is exactly 
what one would expect to see if Venus had an 
atmosphere. 

Observation of Venus transit on 3 June 1769 seems to be 
much more fascinating. To have a better estimation of 
parallax and hence distance of the Sun from Earth, 
various observing stations were set up at different places 
on Earth. The French scientist Guillaume Le Gentil set 
sail abroad a Spanish ship bound for Manila in May of 
1766. Unfortunately, he was accused of being a French 
spy. However, he managed to escape and make passage 
to Pondicherry. On the day of transit, 3 June 1769, the 
Sun rose behind clouds and stayed there all day during 
the transit of Venus. After 9 years abroad, and traveling 
nearly 70,000 miles, he wrote in his journal - "I was more 
than two weeks in a singular dejection and almost did not 
have the courage to take up my pen to continue my 
journal; and several times it fell from my hands, when the 
moment came to report to France the fate of my 
operations." Following a series of harrowing travel 


experiences on his way home to France, he crossed the 
Pyrenees on October 8, 1771, after being gone, by his 
journal, for 11 years, 6 months, and 13 days. 
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Another story on Guillaume Le Gentil says that on 
Halley's call for Venus transit observations at various 
places on Earth to estimate the distance between the 
Earth and the Sun, then he came to India to record the 
timing of the transit. However, he missed it because of a 
stormy voyage. He did not return back but waited in 
India for eight years to observe the next Venus transit in 
1769. But he missed that too because of clouds. After 
that, he returned back home to find that he had been 
declared dead and his wife and her new husband had 
spent his fortune. 

Using Venus transit observations, astronomers duly 
calculated the distance between Earth and the Sun to be 
between 93 to 97 million miles. Today, the accepted 
Earth-Sun distance is 92.96 million miles. The 


First contact 
22:08:23 UT 
18:09:29 EDT, 


Figure 3. 5-6 June 2012 Venus transit showing the path and 
timing of the transit. Image courtesy - NASA 

enthusiasm for the observation of Venus transit, however, 
never diminished. 

(Quotes are taken from an article by Dr. Sten Odenwald 
(NASA / ADNET)). 


June 6 2012 Venus Transit observations from Physical 
Research Laboratory, Ahmedabad 

The historic transit of the planet Venus across the disc of 
the Sun unfolded at about 3:40 hrs 6" June 2012. The 
spectacular event was visible from sunrise up to 10:23 
hrs across India. A schematic representation of the 5-6 
June 2012 Venus transit is shown in Figure-3. 
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06:49:29 IST 
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07:28:01 IST ff 


Figure 4: The sequence of photographs of Venus Transit captured by Solar Flare Telescope at Thaltej campus of Physical 
Research Laboratory, Ahmedabad. The photograph shows an enthusiast exploring Vemus transit at PRL 


Arrangements were made for public viewing of this event 
at Thaltej Campus of Physical Research Laboratory, 
Ahmedabad. A couple of telescopes and the required 
support systems were installed in the campus. Several 
posters explaining the facts behind the scientific event 
and related explanations were displayed for the public. A 
large number of enthusiastic visitors of all ages, from 
kids who barely understand our solar system to senior 
people who did not want to miss the opportunity to see 
the event kept on coming till the event got over. 
Astronomers and volunteers explained the various 
queries on Venus transit and the long periodicity 
associated with it. A few of the photographs showing the 
transit of Venus across the disc of the Sun at different 
epochs are given below in Figure 4. The prominent and 
moving big black spot in the figures represents the planet 
Venus transiting across the disc of the Sun whereas the 
other relatively static fainter black spots are the Sunspots. 


A total of about 8000 images of Venus transit have been 
obtained using the 100 mm refracting solar flare 
telescope. These high quality images will be used to 
study the structure of the atmosphere of Venus and its 
dynamics. 


The photographs were captured by the graduate student 
Mr. Arun Kumar Awasthi under the guidance of Prof. 
Rajmal Jain. The Venus Transit program was co- 
ordinated by Prof. N. M. Ashok and Dr. Sachindra Naik 
of Astronomy and Astrophysics Division of Physical 
Research Laboratory, Ahmedabad. Efforts of volunteers 
from the Astronomy and Astrophysics Division of PRL 
are greatly acknowledged by the organizers of this event. 


Further Reading: 
Websites devoted to the Transit of Venus: 

e http://www. prl.res.in/~snaik 
http://www.transitofvenus.org/ 
http://eclipse.gsfc.nasa.gov/transit/venus0412.html 
http://www.transitofvenus.org/history/black-drop 
http://eclipse-maps.com/Eclipse-Maps/Transits.html 
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Sachindra Naik 
Contact: +91 79 2631 4603 
E-mail: snaik@prl.res.in 
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After the successful Moon mission Chandrayaan-1, 
India plans to fly its maiden solar mission Aditya-1. 
Aditya-1 will help us to study the stars outer 
atmosphere, corona, in greater detail. Corona is the 
plasma atmosphere of the Sun that extends to millions 
of kilometres in space and its temperature is as high as 
million degrees. Corona is highly dynamic and 
evolving with time, thereby exhibiting a variety of 
phenomenon (coronal heating, coronal mass ejections 
(CME)). These activities release enormous amounts of 
energy into space which can not only prove to be lethal 
for orbiting satellites but can also affect power and 
communication installations on the Earth. 
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Figure 2: EA is entrance aperture and M1 forms the image of the sun on 


M2, which allows solar disk light towards M3 and reflects coronal light 


Aditya-1 mission carries a visible emission line solar 
coronagraph to study CMEs and the crucial physical 
parameters which initiate them. These include the 
coronal magnetic field structures, evolution of the 
coronal magnetic field etc. which are important for 
space weather studies. This is expected to provide new 
information on the velocity fields and their variability in 
the inner corona which would help understand the unsolved 
problem of heating of 
the corona. 


The uniqueness of 
Aditya-1 mission is 
its capability of 
imaging the inner 
corona with high time 
cadence at a rate of 
three frames per 
second, as compared 
with one frame per 5 
minutes with the 
existing coronagraphs. 


Figure 1: An artist’s impression 
of Aditya-1 spacecraft in orbit. 
Coronagraph is shown in bottom 
right 


Launch and Mission Profile: 


Aditya-1 will be launched onboard Polar Satellite Launch 
Vehicle (PSLV) which will put the ~125 kilogram 
spacecraft into an orbit of 600 kms from earth. The 
spacecraft carries a 15-cm diameter coronagraph that will 
observe the solar corona by artificially eclipsing the solar 
disk thereby, revealing only the inner corona to the 
telescope. The adopted approach for Aditya-1 is to make an 
internally occulted mirror coronagraph to provide 
unvignetted imaging of the inner corona with low scattered 
light. The optical design of the coronagraph is shown in 
figure 2. Although the exact launch date is yet to be 
decided, the plausible launch period would be during the 
high solar activity period so that the operation of Aditya-1 
coincides with solar maxima. Three launch windows for 
Aditya-1 during 2013, 2016 and 2018 are under 


towards collimating lens (CL). Collimating lens forms the image of 
entrance aperture at LS. M4 and additional lenses form the image. 
Dichroic beam splitters DBS 1 and DBS 2 are used to separate the 
wavelength bands. DBS 1 separates red and green bands while DBS 2 is 
used to separate 530.3 nm and 580.0 nm wavelenath bands. 


consideration. The expected lifetime of Aditya-1 will be 
around 3 years. 


Scientific objectives: 
Investigate coronal waves as source of coronal heating 
Evaluate the dynamics of coronal loops 
Calculate Temperature of the corona 
Understand the development, dynamics and origin of 
CMEs 
Use the observations to predict Space weather 
Construct topology of magnetic fields. 


Technological challenges: 
Y Highly polished primary mirror, High pointing 
accuracy- 20 arcsec which requires better sensors and 


gyTos 
v Large format fast 2-dimensional detector arrays 


The optical mirrors and the detector systems required for 

the mission are being indigenously built at various ISRO 

centres. 

Uniqueness of the Payload: 

> Simultaneous images in the green (530.3 nm) and red 
(637.4 nm) emission lines allowing for temperature 
diagnostics 
Very high cadence (3 images per second) 
Simultaneous polarization images in the continuum and 
line allowing for density diagnostics, magnetic 
topology, and 3d structure of CMEs 

> Observations close to the limb (better than 1.1 sun) 


The prototypes of the spacecraft, payload and other sub- 
systems are currently being fabricated at various ISRO 
centres, Indian Institute of Astrophysics, Udaipur Solar 
Observatory, Radio Astronomy Centre and the National 
Centre for Radio Astrophysics. 
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MSL trims its way for final touchdown 

NASA’s Mars Science Laboratory (MSL) is in final 
preparations on its course to the red planet. The plan 
for landing Curiosity at the desired site has been 
adjusted further which reduces the post-landing drive 
by half. Curiosity is scheduled to land at 
approximately 10:31 p.m. on Aug. 5, 2012 (PDT). 
MSL is expected to spend two-years at the red planet 
to investigate whether there was ever been a life 
sustaining environment. Two NASA Mars orbiters, 
along with a European Space Agency orbiter, will be 
in position to receive radio transmissions as Mars 
Science Laboratory descends through Mars’ 
atmosphere. 


Hinode clicks Solar Eclipse 

Sun observing Hinode spacecraft with its unique orbit 
has captured spectacular images of the recent annular 
solar eclipse. The spacecraft swept the sun occulted 
area four times during the period of eclipse. These 
images will help scientists to further study the 
extended solar corona and its structure. 


Plasma Spectrometer onboard Cassini turned off 
The plasma spectrometer onboard Cassini was turned 


off between June 1-2, 2012 due to some unexpected 
voltage shifts. Although the exact cause is still under 
investigation, it is believed that a short circuit in the 
instrument would have caused the trip. However this 
event did not have any effect on other instruments 
and the spacecraft operations are normal. 


Cassini successfully flies past Enceladus, closely 
meets tiny Methone 

During April 2012, Cassini flew by Saturn’s moon 
Enceladus at a distance of 74 kilometres. In another 
attempt during its trajectory towards Titan, the 
spacecraft had its closest ever encounter with Saturn’s 
tiny moon Methone on May 20, 2012 at a distance of 
about 1900 kilometres. The best ever images of 
Methone available so far were taken from a distance 
of 225,000 kilometres. Methone was _ earlier 
discovered by Cassini along with two other moons, 
Pallene and Anthe. 


Curiosity dupe undergoes field tests in Mojave 
Desert 

A test duplicate of MSL rover curiosity has 
undergone field tests in Dumont Dunes of Mojave 
Desert in California. The full-scale test of Curiosity’s 
mobility system has been conducted by putting the 
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test rover through various paces on sandy slopes of 
the desert. 


DAWN gains more time, begins Final Science 
Orbit 

DAWN mission gets an extra time of 40 days to 
spend at Vesta which allows its Vesta-venture till 
Aug. 26, 2012. On the other hand the spacecraft 
began its final major science phase around Vesta on 
June 15, 2012 from an altitude of 680 kms. DAWN 
has been imaging Vesta in an unprecedented detail 
for the last five months at a lowest altitude of 210 
kilometres. Observations of the current mission phase 
will provide a companion set for earlier high-altitude 
mapping observations. 


GRAIL runs ahead of schedule 

GRAIL twins aimed at investigating Lunar interior 
complete their prime mission well ahead of schedule. 
During this phase GRAIL twins have gathered 
exceptional details of lunar interior. The instruments 
of both the spacecraft will be switched off until Aug. 
30 2012 before starting their extended science 
operations expected to continue till Dec. 3, 2012. 


Active JUNO images big dipper 

Actively cruising Juno spacecraft has recently imaged 
the Big Dipper from space on its way to the giant 
planet Jupiter. Juno used one of its instruments, 
JunoCam for capturing these images. 


Extended mission for KEPLER 

KEPLER mission hunting for habitable planets has 
been granted an extended phase of four additional 
years. Kepler has been identifying planet candidates 
since its launch in March 2009 and contributed to 
many new findings. 


Fifth Mars Winter for Opportunity 

The rover twin, Opportunity, has survived fifth winter 
on the red planet. After working for the past 19 weeks 
of fifth martian winter at Greeley Haven outcrop, this 
durable rover is now exploring north end on Cape 
York at the rim of Endeavour crater. 


Mars Odyssey in safe mode 

Due to an unexpected reaction wheel characteristic, 
Mars odyssey has put itself into a standby mode as a 
precaution. However the spacecraft is reported to be 
safe. Apart from its regular science operations, 
Odyssey also acts as a communication relay for the 
mars rovers. 


28 


Back to Contents 


Volume -Z, Issue-3, July 2012 


The Transit of Venus - View from Physical Research Laboratory (PRL) 


".,..the clouds, as if by divine interposition, were entirely dispersed, and I was once more invited to the grateful task of 
repeating my observations. I then beheld a most agreeable spectacle, the object of my sanguine wishes....I could 
scarcely have wished for a more extended period." Jeremiah Horrocks in 1639. 


With the transit of Venus across the face of Sun on June 5-6, 2012, The 
Day, The World, The people, discovered the chance of experiencing the 
final opportunity of the century to witness the rare astronomical reunion of 
the Sun, Venus and Earth (see accompanying article in this issue). 
Depending upon our location, Venus made its presence visible in the solar 
system from Earth’s day side. 


: : ; : Source: http://www. dailymail.co.uk/sciencetech/article- 
" " s 
An youngster described his experience of "The Transit of Venus" as: 2155140/Transit- Venus-2012-Spectacular-seen-time-2117.htm! 


"I wore my goggles and I was able to see the Sun clearly and most importantly a tiny little dot (Venus). For a moment 
I thought I imagined it! Though, I was able to see the Venus, I wasn’t satisfied with that." 


Astronomy and Astrophysics Division of 
Physical Research Laboratory (Thaltej 
Campus), Ahmedabad, on June 6, 2012, 
made a commendable effort of showing 

this celestrial event to interested residents 

of the city. On Wednesday morning, they — 
had their telescopes and cameras ready ; \, 
for delivering the experience of once-in- 
a-lifetime event at the observing site in 

the Thaltej campus of PRL. Fortunately, 


transit day on the site was blessed with clear blue skies, abundant sunshine, 
and a pleasant, refreshing breeze. Then the viewers were facilitated with 
looking through the astronomical telescope and the same was also projected 
on a screen with combination of an audio-based explanation of the transit. 
The viewers also brought goggles, cameras, x-ray sheets, hand-lens and 
glasses with themselves to view the event on their own. During the 
observing session, there have been a steady stream of local residents, 
joggers, and cyclists stop by to view the transit of Venus. They were very 
excited and thankful for the opportunity to see the planet’s tiny disk 
silhouetted against the Sun’s golden orb. People were amazed looking at 
the relative sizes of Venus and the Sun, which gave them a sense of the 
immense size of our solar system. 
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Posters were also displayed to make the viewers understand the 
importance of the event in disseminating the facts of the solar system. 
The posters were explained by experts from the division. Some of the 
findings among all, that could be made more accurate with the transit data 
involves determining the 
size of the _ planet, 
Measuring the dip of 
brightness, determining the 
orbital period of Venus by 
measuring the time elapsed 
between the transits, and if once the orbital period is known, Kepler's 
third law of planetary motion can be applied to determine the average 
distance of the planet from its stars. Using the transit method, the Kepler 
mission has identified 61 planets and more than 2,300 planet candidates 
during the spacecraft's first 16 months of observation from May 2009 to September 2010. The faculties and 
students of the astronomy division, volunteered by the members of PLANEX - PRL, made the event more interesting 
with their friendliness and hospitality. The members of PLANEX Newsletter team had some lively discussions with 
viewers and passersby about their experience of looking at Venus. They expressed their excitement with comments, 
some of which are given below: 


"It was really nice. It is the only opportunity in my lifetime to witness such an interesting phenomena happening in 
solar system." 

Maitreyi Ghosh 

Prakash Higher Secondary School, Ahmadabad 


"PRL has really done a commendable job. It has enabled people to see such an event and simultaneously 
popularizing the phenomena among the common people. I am proud of PRL." 

Dr. A. K. Sangal 

Ex-Group Director, SAC, Ahmadabad 


"It is a very rare event among eclipses. We are fortunate to witness this. We have been all the way to Uttar Pradesh 

and Baroda earlier to watch such kind of events. It is good exposure for youngsters who are interested in 
Astronomy." 

Dr. K. R. Murali, SAC, Ahmadabad & Mrs. Sudha Murali 

Airport Authority of India. 
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ANNOUNCEMENT AND OPPORTUNITIES 


34" International Geological Congress (IGC) will be held during August 5-10, 2012 at Brisbane, Australia. For 
more details visit: http://34igc.org/ 

Intemational Astronomical Union (I[AU) Symposia: “IAUS 293: Formation, detection, and characterization of 
extrasolar habitable planets” will be organized during August 27-31, 2012, at Beijing, China Nanjing. For more 
details visit: www.ifa.hawaii.edu/iau293 

8" Conference on Formation and Evolution of Planetary Systems “Planet Formation and Evolution 2012” will be 
organized during September 3-7, 2012 at Munich, Germany. For more details visit: http://www.usm.uni- 
muenchen.de/~tilman/planets2012/index.html 

The "3rd Planetary Crater Consortium (PCC) Meeting" will be organized during September 19-21, 2012, at the 
US Geological Survey in Flagstaff, AZ. The last date for submission o abstracts is August 31, 2012. For more details 
visit: http://www.planetarycraterconsortium.nau.edu/PCCMeeting.htm 

The “Third Moscow international Solar System Symposium (3M-S3)” will be organized during October 8-12, 
2012 at the Space research institute in Moscow, Russia. The last date for submission of abstract is July 31%, 2012. For 
more details visit: http://ms2012.cosmos.ru/ 

The 2012 joint meeting of the Paneth Kolloquium and the workshop of the DFG special program “The first 10 
million years of the solar system — a planetary materials approach” will be organized during October 9-12, 
2012, in Nérdlingen, Germany. The last date for submission of abstracts is September 17, 2012. For more details 
visit: http://www.paneth.eu/PanethKolloguium/Home.html 

"44" annual meeting of the Division of Planetary Sciences of the American Astronomical Society" will be 
organized during October 14-19, 2012, at Grand Sierra Resort in Reno, NV. The last date for submission of abstracts 
is July 19, 2012. For more details visit: http://www.psi.edu/dps12/ 

«3"! conference on terrestrial MARS analogues” will be organized during October 25-27, 2012 at the Conference 
Centre of the Hotel Meridien N'Fis in Marrakech, Morocco. The last date for submission of abstracts is August 15, 
2012. For more details visit: http://www.ibnbattutacentre.org/conf/mars2012/? 
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It gives me immense pleasure to know that PLANEX has completed its 10 years of activities of creating awareness and 
promoting planetary sciences in India. My association with PLANEX began in 2004, with attending 5" PLANEX 
workshop on Moon and Meteorites, held at PRL, Ahmedabad. I attended this workshop while perusing the Ph.D. degree 
in remotes sensing at Dept. of Earth Sciences, IIT Bombay. The workshop was well organized and covered different 
aspects of the planetary sciences. It was a unique experience. On completion of my degree, the spark created by the 


workshop to pursue research in planetary sciences made me to apply for the advertisement by PLANEX for the post of 


Postdoctoral Researcher. I joined PLANEX as PDF on 10" October 2010 with an intention of analyzing Chandrayaan-1 
J yzing y 


datasets. The fellowship allowed me to gain knowledge not only about lunar geology but also on other aspects such as 
meteorites, early solar systems and various technical aspects through Friday seminars and regular workshops. As part of 
my PDF problem, I worked on Non-mare volcanism on Moon, a less known and intriguing aspect of Moon using Moon 
Mineralogical Mapper (M°) and DIVINER datasets along digital elevation model of the surface. I am thankful to 
Prof. S.V.S. Murty for giving an opportunity to carryout independent work in the field, as well as for providing 
necessary facility. I must also thank my team members who acted as good support system as well as critical reviewers, 
from which I have benefited. After working at PLANEX for one year, I joined Dept. of Earth Sciences, Pondicherry 
University as an Assistant Professor, where I am continuing the work started at PLANEX. I wish PLANEX all the best 
and pray that may it flourish further and succeed in its objectives. 

Dr. K.N. Kusuma 

Asst. Professor 

Department of Earth Sciecnes 

Pondicherry University 

Kalapet, Puducherry — 14 


E-mail: kusuma.kn@gmail.com 
Contact: +91- (0) 9869559245 
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Dr. Ami J. Desai — Post Doctoral Fellow 
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Ms. Yogita Uttam Kadlag — Senior Research Fellow 
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Bhaskaracharya: The Great Teacher, Astronomer and Mathematician of Ancient India 


Bhaskaracharya (1114 -1183 A.D.) was one of the legendry scientists of ancient India. He is well 
known for his breakthrough discoveries in astronomy and mathematics. His major discoveries and 
research outcomes are: (i) the shape of the Earth is not flat, (ii) the Earth has an attraction power, 
(iii) the poles of the Earth experience six month day night periods, (iv) the relation between the earth 
and lunar day night periods. He has also mentioned in his work that the Earth’s atmosphere extends 
up to 96 kilometers above the surface and that divided into seven layers, beyond which there is 
vacuum. He contributed towards the concept of equinoxes. 


Bhaskaracharya was born in Deshastha brahmin family near Vijjiadavida, which is known as Bijapur in modern 
Karnataka. Bhaskaracharya has himself written about his birth, residence and his education in Siddhantashiromani as: “A 
place called ‘Vijjadveed’, which is surrounded by Sahyadri ranges, where there are scholars of three Vedas, where all 
branches of knowledge are studied, and where all kinds of noble people reside, a brahmin called Maheshwar was staying, 
who was born in Shandilya Gotra (in Hindu religion, Gotra is similar to lineage from a particular person, in this case 
sage Shandilya), well versed in Shroud (originated from ‘Shut’ or ‘Vedas’) and ‘Smart’ (originated from ‘Smut’) 
Dharma, respected by all and who was authority in all the branches of knowledge. I acquired knowledge at his feet”. The 
major contribution of Bhaskaracharya towards mathematical astronomy is "Siddhanta Shiromani"” (Siddhant meaning 
Principle), which mainly deals with the astronomical findings on planetary positions. The book was divided into four 
parts: 1.Lilavati [Quadratic equations, Cubic equations and Quartic Indeterminate equations]; 2.Bijaganita [Algebraic 
Calculation OR Algebra]; 3.Grahaganita [Astronomical (Graha) Calculations (Ganita)]; 4.Goladhyaya [Spheres OR 
Spherical Trigonometry]. It gives description of rules for finding the mean (Madhya-Gati) and true (Sphuta-Gati) places 
of the planets, eclipses of the Moon and Sun, helical rising and setting of the planets and stars, phases of the Moon, rules 
for finding the time at which the declination of the Sun and Moon become equal (Patadhikara) etc. 


Bhaskaracharya won such a great reputation that his manuscripts were still being copied and commented upon as late as the 
beginning of the nineteenth century. A medieval temple inscription refers to him in the following terms: "Triumphant is the 
illustrious Bhaskaracharya whose feats are revered by the wise and the learned. A poet endowed with fame and religious merit, he 
is like the crest on a peacock." It is also said that "there was not one holy place on earth unvisited by him and not one 
ruler who wasn't his disciple." Recognizing his contribution towards mathematical and astronomical developments in 
India, the Bhaskara-I and Bhaskara-II, the precursors of Indian remote sensing (IRS) series of satellites were launched 
from the Soviet Union in 1979 and 1981 respectively. In view of his dedicated effort towards imparting exemplary 
education to the community, different educational institutes are named after him throughout the country. Some scholars of 
the medieval period have suggested that Bhaskara's work influenced developments in the Middle East and Europe. 
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